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SYRING EAL HISTOLOGY. Ill. HOUSE WREN (Troglodytes aedon) 1 
Charles J. Ellis 2 and Peter Thome 3 
ABSTRACT. Detailed microanatomy of house-wren (Troglodytes aedon) syrinx is reported. 
Birds were killed in collision with a television transmitting tower, hence their condition was 
imperfect upon necropsy. Info~mation reported, nevertheless contributes to the aggregate 
knowledge of avian anatomy. 
INTRODUCTION 
Much has been written about syringeal gross anatomy (Ames, 1971 ; Forbes, 1881), 
physiology (Greenewalt, 1968, 1969; Haecker, 1900 ; Ruppel!, 1933) and operation (Gaunt 
and Wells, 1973; Greenewalt, 1968, 1969; Kitchen, 1885; Miskimen, 1951). However, little 
has been published concerning syiingeal histology of. many species (Chamberlain et al, 1968; 
Ellis, 1973a, 1973b; Warner, 1972). The present report is devoted to filling this gap in avian 
anatomical information. 
Materials and Methods 
Two female house-wrens, killed in collision with a nearby television transmitting tower, 
were transported to the laboratory, frozen and left in this state an unknown length of time, 
perhaps for as long as two years. After thawing, one syrinx was sectioned transversely and the 
other frontal-obliquely at 10 µm. Both were stained with hematoxylin and eosin or a tri-
chrome dye. Figures were drawn with the aid of a microprojector. 
Results 
In some sections massive numbers of red blood cells crowded the syringeal lumina. These 
cells adhered to the luminal lining to the extent that they masked some details. A few sections, 
particularly those of areas contiguous with medial tympanic membranes, showed a thin layer 
of amorphous material juxtaposed to luminal cells. A close examination of this layer dis-
closed no cellular content, yet details of underlying cells were excellent. 
Various air-sac diverticula were seen throughout the sections (Figures 5, 6, 7). The walls 
of air sacs formed the outer covering of adjacent syringeal crura. Patches of ciliated cells 
described in these walls in Coturnix (Ellis, 1973a) were not seen. 
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ANTEPESSULAR REGION 
Tracheosyringeal junction 
Anterior to this junction tracheal rings overlapped and were composed of bone and 
cartilage. Near the junction of the trachea and syringeal antepessular region the latter was 
tightly apposed to the esophagus (Figures 5, 6). Slips of striated · muscle lay along the 
external tracheal wall. 
Epithelium 
The epithelium of this region lay medial to the syringeal tube. Many r.b.c. 's appeared to 
cling to this epithelium, thus masking cilia which may have been present. However, enough 
sections were examined to establish that this epithelium was ciliated (Figure 6) at least in 
cranial portions, and varied from simple to stratified cuboid. In addition some multicellular 
glands, unicellular glands, and what appeared to be "X" cells (Ellis, 1973a) were located there-
in. Ciliation was less in the posterior parts of this region. 
Lamina propria 
This tissue was insignificant, consisting of few fibers and cells. Furthermore, in some 
sections the epithelium was torn from this layer. Thus, detailed study of the lamina propria 
was impossible. 
Syringeal rings 
Differing perhaps slightly from conditions described for the meadowlark (Ellis, 1973b), 
the antepessular region included the two cranialmost major syringeal rings. Syringeal ring# 1 
fused with ring # 2 in some sections, indicating that these two rings were not separate at all 
levels. 
Most of the interannular tissue between rings # 1, # 2, and # 3 consisted of striated 
muscle (Figure 2). 
The lateral aspect of syringeal ring# 3 was covered with tissue approximately three cells 
thick; that of syringeal rings# 1 and# 2 (Figure 2) was covered by striated syringeal muscle. 
Syringeal tube 
The syringeal tube with walls 10 to 20 µm thick was a bony extension of syringeal ring 
# 1 and proj~cted craniad at least as far as the cranial attachments of intrinsic syringeal 
muscles. This tube became cartilaginous and double-layered (overlapping tracheal rings) near 
its cranial extremity (Figure 6). 
Outer layer 
The outer layers of the syringeal complex were destroyed upon dissection in the speci-
mens. However, the thick fibrous layer separating trachea and esophagus was noticeable in 
many sections although not shown in figures presented here. 
Pessular-an tepessular border 
This border was indicated by the demarcation between ciliated and nonciliated epi-
thelium. This occurred between syringeal rings# 2 and# 3. The difference between ciliated 
and nonciliated epithelium was marked also by a decrease in height of luminal, nonciliated 
cells (Figure 2). 
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PESSULAR REGION 
Epithelium 
Because this region included two syringeal crura, because each of these had lateral and 
medial epithelia and because of the presence of the intercrural diverticulum, epithelia here 
must be described in three parts. 
Epithelium, lateral 
This was a simple-to-stratified , squamous epithelium. Some "X" cells similar to those in 
the an tepessular region and some goblet cells were noted. 
Epithelium, medial 
This tissue was contiguous with the pessular epithelium and was coincidental with the 
crural epithelium of the medial tympanic membrane and the medial syringeal valve described 
here. This epithelium became thicker at its caudal extremity. 
Epithelium, intercrural diverticulum, inner layer 
This tissue was simple squamous. 
Lamina propria, lateral walls 
This was loose connective tissue. The composition of its cells and fibers was not deter-
mined. 
Lamina propria, medial walls 
This layer was scant, loose, connective tissue, particularly in the tympanic membrane. 
The amount of this tissue increased caudal to the intercrural diverticulum where it became a 
layer of heavy collagenous fibers. At some frontal levels, the lamina propria included hyaline 
cartilage associated with the pessulus. 
Syringeal rings 
The last three of the five major rings (Figure 1) were classified arbitrarily as being located 
within this region. Like all the other rings, they were laminar bone with a marrow cavity, 
each cross-sectional configuration being dependent upon the level of cut. Each such ring 
served as the origin for numerous intrinsic, syringeal, striated muscle fibers. 
The interannular tissue connecting syringeal rings # 3 and# 4 was as thick as the thicker 
of the two rings. However, this thickness varied with the level of cut. 
Pessulus 
The cross-sectional configuration of this laminar bone structure varied with the level of 
the frontal cut. In general the shape was triangular except along its dorsal and ventral termi-
nations. In some sections cartilage cells were seen at these terminations. 
The dorsal aspect of the pessulus served as the insertion site of striated muscle. Between 
this musculature and that of the esophagus lay a thick band of collagenous fibers, the 
bro nchidesmus. 
The ventral and dorsal bases of the pessulus fuse with syringeal rings at the two levels 
(Figure 9). · 
Pessular epithelium 
Because the pessulus was triangular in cross-section, it presented three sides for study 
each of which was covered with an epithelium. Sides facing syringeal crura were covered with 
3 
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epithelia described under medial epithelium of the pessular region and extended craniad into 
the antepessular region forming the epipessular tunic. 
The epithelia on both sides were stratified squamous to cuboid, depending upon the 
level of the cut. The cells on the cranial aspects of the pessulus were ciliated. At the cranial-
most portion of these epithelia the cells became squamous and eventually were absent (see 
"epipessular tunic"). 
Within these epithelia were occasional "X" cells similar to those described above in the 
antepessular region. 
The epithelium of the pessular base was stratified squamous and formed the cranial edge 
of the intercrural diverticulum when the latter was present. 
Epipessular tunic 
This structure (Figure 4) was formed by craniad extensions of the epithelial layers on 
the sides of the pessulus, together with the associated underlying connective tissues (Ellis, 
1973a). 
At the apex of the triangle formed (in syringeal frontal section) by the crural sides of 
this tunic, epithelial cells were absent. Occupying this void were a few connective tissue 
fibers coursing from a position medial to the two epithalia. This void may have been caused 
by cell deterioration. However, epithelial cells were contiguous with this "pore-like" structure, 
and they were squamous. 
Medial tympanic membranes 
These membranes were trilayered with outer layers being squamous to cuboid epithe-
lium and the Inner layer being loose connective tissue. Elements of the latter coursed mainly 
longitudinally. The membranes lay between the caudal aspect of the medial syringeal valve 
and the cranial edge of the bronchidesmus. The most medial layer of each membrane was 
coincidental with the intercrural diverticulum epithelium where it was present. 
These membranes were about 6 µm thick at a minimum. 
Lateral tympanic membranes 
No structure located in the lateral wall of the syrinx and which seemed capable of vibra-
tion was observed. 
Lateral syringeal valve 
The lateral syringeal valve, a thickening of loose connective tissue in the lamina propria, 
was present on the luminal aspect of each fourth syringeal ring (Figures 2, 3, 7, 9). In some 
sections these thickenings seemed to be on the third syringeal ring. However, in such sections 
the first syringeal ring, the one which contributes the syringeal tube, did not appear as a 
discrete ring. 
The lateral syringeal valve seemed to extend almost completely between the dorsal and 
ventral surfaces of each syringeal crus. However, this extent could not be verified. 
The epithelium covering this valve was quite prominent. Furthermore, it seemed slightly 
keratinized and the cells desquamate. No tests were conducted to verify the presence of 
keratin. 
When stained with trichrome this structure showed an intense blue reaction, indicating 
concentration of connective tissue fibers and cells (Figures 2, 3, 7, 9). 
Medial syringeal valve 
This structure (Figure 8) existed between the pessular base and the cranial edge of each 
medial tympanic membrane. The tissue connection between the pessulus and the medial 
syringeal valve was rather tenuous but thicker than the tissue of the medial tympanic mem-
brane. The connective tissue in the former was thicker and looser than the latter. 
Like its counterpart, the lateral syringeal valve across the crus, this valve was composed 
of loose connective tissue. However, the medial valve, unlike its counterpart, was composed 
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of two epithelia plus the connective tissue between, and it was thinner. The medial valve 
formed part of the wall of the intercrural diverticulum while the lateral valve was backed by 
the fourth syringeal rings. 
The crural epithelium of the medial valve was simple, squamous to cuboid but showed 
evidence of being keratinized and some cells appeared to be desquamating. Positive determi-
nation of the desquamatinglayer effect could not be made partly because of the many r.b.c.'s 
clinging to it in all specimens examined. The intercrural epithelium of the medial syringeal 
valve differed markedly from the crural epithelium. The former consisted of one or two 
layers of squamous cells. 
Cartilaginous rings 
Cartilaginous rings were not found as discrete units in this area of the syrinx. However, 
cartilaginous "plaques" showed in some sections (Figure 6), but these were extensions of 
certain syringeaI° rings or the pessulus. 
Outer layer 
The same problem of terminology obtained with this layer as in similar ones of other 
birds (Ellis, 1973a). A description of this layer based upon material observed in the available 
specimens may be faulty because of the condition of the tissues. However, in general, this 
layer in this bird did not seem to differ from the same layer described in meadowlark or 
Japanese quail (Ellis, 1973a, 1973b). 
POSTPESSULAR REGION 
Epithelium 
Because of the two "sides" of each syringeal crus, this epithelium must be described in 
two parts, lateral and medial. 
Epithelium, lateral 
This epithelium varied from simple to stratified and from squamous to cuboid. It was 
ciliated particularly near the ventral aspect. Its cranial portion was stratified squamous, 
nonciliated. 
Epithelium, medial 
This epithelium closely resembled that across the crus except this was thicker, stratified 
(pseudostratified), and ciliated near the ventral part. Furthermore, multicellular glands were 
present in the medial epithelium. 
Intercrural diverticulum 
An intercrural diverticulum similar to that described for Turdus (Streseman, 1927-1934) 
and found in Coturnix and Sturnella (Ellis, 1973b) was present in Troglodytes aedon. Its wall 
was formed by the pessular basal epithelium, the two medial syringeal valves, the two medial 
tympanic membranes, and a thin tissue cross-connecting these two membranes. The latter 
tissue was relatively thin, even compared to the tympanic membranes. It was composed of 
two simple, squamous epithelia with one- or two-cell-thick layer of connective tissue between. 
This thin structure may have been a cross section of the bronchidemus. In most of the 
sections examined, the lumen of this diverticulum contained many r.b.c.'s. 
Crural demi-rings 
Lateral portions of the C-shaped syringeal crural rings were bony but the medial, in-
complete portions tended to be cartilaginous. Similar to those of other brids, the medial wall 
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of the syringeal crura lacked any rings except at extreme ventral and dorsal levels. The 
space within each wall of these crura created by the absence of rings was closed by a medial 
tympanic membrane. Furthermore, this space caudal to the tympanic membrane was filled 
with loose connective tissue thicker than that found in the tympanic membrane. 
DISCUSSION 
Describing any site of any feature based upon fixed tissue may be inaccurate because the 
feature in the living animal may not be located in the same place because of postmortem 
muscle relaxation. Therefore, determining the extent of the three major syringeal regions can 
not be done with exactness (except, perhaps, the antepessular-pessular boundary with its 
ciliation). However, such division is useful in describing the syrinx. Two of its areas, ante-
pessular and pessular, in house-wren can be separated by the sharply defined line between 
ciliated and nonciliated epithelium described here. Even with this clearcut boundary the 
muscles of the syrinx in contracting may move certain of the syringeal rings forward so that 
they are not seen in section as they are in situ. The boundary between the pessular and 
postpessular regions is approximate and marl~ed by the caudal edges of the medial tympanic 
membranes. Therefore, the postpessular region extends between these edges and the 
pulmonosyringeal junctions. 
No suggestion is made here that syringes can be compared, based upon the composition 
of the three major areas. The latter do not provide an infallible means of differentiating avian 
groups. These major areas have no taxonomic significance. 
The syrinx of the house-wren was typically passerine (Ellis, 1973a, 1973b ). It closely 
resembled that reported for meadowlark (Ellis, 1973a). No lateral tympanic membranes 
were noticed . Comments on this condition have been made (Ellis, 1973b). 
In this study in particular, artefacts may have been introduced. If so, many resulted 
from methods of collecting and preserving the birds. Regardless of these possible errors, it 
seems wise to offer this information because it has not been previously presented. 
Because of apparent discrepancies in descriptive terminology, we have considered the use 
here of "horizontal longitudinal section" to refer to the plane of cut which bisects both 
syringeal crura simultaneously with a longitudinal section of the trachea. This plane forms 
a Y-shaped piece of syringeal tissue and is perpendicular to the sagittal and transverse planes. 
In previous reports (Ellis, 1973a, 1973b) "frontal section" was used for this type of cut. De-
spite the correctness of the latter usage, it is not universally followed (Chamberlain et al., 
1968). We assume that a "frontal section" in avian and human anatomy is the same and 
divides both into dorsal and ventral halves even though the plane parallel with the avian frons 
may not be parallel to the avian horizontal longitudinal plane. Regardless of this interpreta-
tion, we do not believe that such a plane can be referred to as a transverse plane (Chamberlain 
et al., 1968). 
A longitudinal section can be either horizontal or vertical, the latter being referred to 
also as a sagittal or parasagittal plane and the former being termed coronal or frontal. To 
obviate confusion, we submit this explanation ; to use a brief word, we maintain the termi-
nology used previously . Descriptive terms such as "cranial" and "caudal" have been used, 
reluctantly, in deference to the latestNomina Anatomica Veterinaria and Nomina Anatomica 
A vi um. 
Since describing the syringeal anatomy of meadowlark (Ellis, 1973b) and Japanese quail 
(Ellis, 1973a), it has become apparent that five syringeal rings exist and not four as reported. 
The fifth or most caudal of the rings is oriented more or less perpendicularly with the syringeal 
crus. It is a slimmer, more rectangular ring in cross-section than the other four. 
Reference to syringeal rings by number assumes these rings are counted in the midfrontal 
plane. These numbers may change depending upon the level of the frontal section because 
the rings fuse at dorsal and ventral levels. 
A line connecting the fifth syringeal rings arbitrarily coincided with the boundary be-
tween the pessular and postpessular syringeal regions, at least is house-wren. 
The esophagus coursed ventrally and between the syringeal crura. It compressed the 
intercrural diverticulum enough so that it formed subdiverticula on either side of the esophagus 
when cross-section of this part of the syringo-esophageal complex were examined (Figure 7). 
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Such a suggestion becomes important in considering the complexity of the syrinx in terms of 
its associated membranes. What might be deemed two air-sac diverticula in certain cross-
sections, might be parts of the intercrural diverticulum. However, the latter itself is an 
extension of an air sac. 
X cells (Ellis, 1973a) appeared like cells containing some coagulum. What they are is 
unknown. However, they seemed similar to cells described by Sandborn (1972) from a 
perfused laboratory rat. 
One histologically distinguishing feature between passerine and nonpasserine birds is the 
location of medial tympanic membranes in relation to medial _syringeal valves. The passerine 
form of this configuration as shown in Turdus merula, Sturn~lla ma_g_na and S. neglecta in-
cluded the medial tympanic membrane caudal to the medial syringeal valve; the nonpasserine 
form represented by Japanese quail reversed the positions of these two structures (Ellis, 
1973a). 
The medial syringeal valve in house-wren did not seem to be as obvious as in some other 
birds. However, ·this difference could be explained by a number of factors. Such differentia-
tion is not necessary here except to state that the tissue designated here as "medial syringeal 
valve" was so called because of its location rather than its histology or apparent function. 
The possibility that all "walls" of the intercrural diverticulum vibrate with resulting 
effects on the bird's song should be considered in hypothecating on sound production. In 
house-wren each diverticular wall was continuous with the medial tympanic membranes, and 
hence could profoundly affect the vibration of the latter. 
As previously suggested (Ellis, 1973a, 1973b) further speculation upon mechanics of 
syringeal operation would be fruitless. Enough such theories exist together with mechanical 
and mathematical models (Gaunt and Wells, 1973 ; Greenewalt, 1968, 1969). What is needed , 
however, is in situ experimental verification of existing hypotheses. An obstacle to this is the 
presence of myriad membranes and air sacs. These must be cut in order to exteriorize either 
trachea or syrinx. Such surgery results in a drastic change of environment in which syringeal 
apparatus functions within the intact bird. 
Perhaps the ultimate hope to describe syringeal function is a laser beam directed via fiber 
optics into the syrinx through the bird's trachea. However, some lasers produce a light which 
is not conducive to illuminating highly vascular tissue. Furthermore, while present fiber 
optics provide some resolution, it may not be .enough to determine which syringeally asso-
ciated membranes vibrate. Because the probable vibration frequency is high, super-speed 
cinematography has been considered to record these membranes in action. The disadvantages 
of this procedure have been mentioned (Ellis, 1973b). 
Until such time as technology can solve these problems, we must rely upon descriptive 
zoology to explore the syrinx and support operational hypotheses. But, some descriptions 
may not be accurate because many membranes and air sacs must be ruptured and displaced in 
dissection. 
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Figure 1. Diagrammatic frontal section of syrinx showing boundaries delineated in text. 
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Figure 2. Frontal-oblique section of syringeal complex showing cranial end only of one syrin-
geal crus (top) and lateral syringeal valve and tympanic membrane of other(bottom). 
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Figure 3. Frontal-oblique section of syringeal complex showing syringeal musculature, configu-
ration of cross-sections of major syringeal rings, and origin of syringeal tube. Only 
one crus is cut because of orientation of syrinx. 
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Figure 4. Enlargement of pessular cross-section showing epithelia, lamina propria and apex of 
epipessular tunic. 
Figure 5. Cross-section of one syringeal crus showing proximity to esophagus and heart and 
cross-sections of air-sac diverticula. 
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Figure 6. Cross-section of airway at junction of trachea and antepessular syringeal region. 
Note bilayered cartilage. 
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Figure 7. Cross-section of syringeal complex caudal to pessulus, showing both crura with the 
esophagus between. Note spaces which might be air-sac diverticula. 
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Figure 8. Frontal section of a portion of a crural wall showing details of medial syringeal 
valve and medial tympanic membrane. 
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Figure 9. Oblique section of esophagus and syrinx showing one syringeal crus and its asso-
ciated medial tympanic membrane, a cross-section of the pessulus, and fusion of 
the pessulus with the syringeal tube. 
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STABILITY OF YIELD PERFORMANCE OF NONPROLIFIC 
AND PROLIFIC MAIZE HYBRIDS1 
W. A. Russel/2and C. L. Prior 3 
ABSTRACT. Four types of maize single crosses with seven crosses per type were evaluated at 
six plant densities in eight environments. The types were as follows: (1) elite, nonprolific; (2) 
first-cycle, prolific; (3) second-cycle or elite, prolific; and (4) crosses of elite, nonprolific with 
first-cycle, prolific inbred lines. A stability analysis was calculated for each density in the eight 
environments, for average yields over all densities in eight environments, and for 48 density-
environment combinations. In the three lower densities, Type 3 had the highest linear yield re-
sponse to high-yield environments; but, in the three higher densities, the types did not differ 
significantly. For the average yields over all densities, Type 3 had the highest linear response, 
and the other types did not differ. For 48 environments Type 1 had the highest linear response, 
probably because low densities were usually low-yield environments in which Type 1 had rela-
tively low yields, but Type 3 had relatively high yields. Types 2, 3, and 4 were similar for devi-
ations from linear response in all densities. Type 1 had the lowest deviations in the lowest densi-
ties, but the deviations increased as densities increased and were the highest in the highest densi-
ties. 
INTRODUCTION 
The maize breeder strives continuously to develop maize (Zea mays L.) hybrids that have 
high genetic capacity for grain yield, and must be concerned also with the relatively large 
variation in yield potential that occurs among the many environments in which a hybrid will 
be grown. The breeder is most interested in those genotypes that have high yield capacity and 
contribute relatively little to genotype x environment interactions. Extensive testing is re-
quired to identify the genotypes that show the least interaction with environments, or possess 
the greatest stability of performance. 
Some studies have shown that genotype x environment interactions are greater for single 
crosses than for double crosses (Sprague and Federer, 1951; Eberhart and Russell, 1969). 
Eberhart and Russell (1969), however, found that some single crosses may be just as stable 
for yield as the best double crosses, and the stability seemed mainly a property of the inbred 
parents. Collins, Russell, and Eberhart (1965) proposed that second-ear development on 
maize hybrids may be a mechanism that would contribute to stability, or developmental 
homeostasis, of Corn Belt hybrids. Russell and Eberhart (1968) presented data that showed 
greater stability of yield for two-ear, three-way crosses than for single-ear, three-way crosses. 
Their studies involved "first-cycle", two-ear inbred lines that evolved from limited breeding 
and evaluation, and they predicted that continued breeding would give two-ear, or prolific, 
types that would be higher yielding and relatively stable in performance over environments. 
1 Joint contribution: Agricultural Research Service, USDA, and Journal Paper No. J-8063 of 
the Iowa Agriculture and Home Economics Experiment Station, Ames, IA 50010. Project No. 
1897. Part of a thesis submitted by the junior author in partial fulfillment of the requirements 
for a Ph.D. degree. 
2 Professor, Department of Agronomy, Iowa State University, Ames, Iowa 50010. 
3 Former instructor, Iowa State University, Ames, Iowa. Presently plant breeder, Cornnuts, 
Inc., Stronghurst, Illinois 61840. 
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Hallauer (1967) described a breeding procedure that would develop inbred lines and 
single-cross hybrids simultaneously. Because the method is most effective if source materials 
are two-eared or prolific, the lines and hybrids that evolve are likely to have a strong genetic 
potential to produce two or more ears per plant. After six successive generations of simul-
taneous inbreeding in selected lines and yield evaluation of single crosses, Hallauer (1973) 
obtained 14 high-yielding single crosses whose parents are prolific; and the hybrids, likewise, 
are strongly prolific at moderate plant densities. 
The puq~ose of this research was to compare "second-cycle", two-ear, or prolific, single 
crosses from Hallauer's program for stability of performance with elite, single-ear single crosses 
and "first-cycle'', two-ear single crosses. 
MATERIALS AND MET HODS 
We evaluated the yields of 28 single-cross hybrids in a series of experiments grown at two 
Iowa locations, Ames and Ankeny, in 4 years, 1969 to 72. Because the materials and methods 
have been described previously (Prior and Russell, .1975) only brief descriptions are needed 
here. The single crosses were of the following four types, with seven crosses per type: Type 
1-elite, single-ear crosses ; Type 2-first-cycle, two-ear crosses ; Type 3----second-cycle, two-ear 
crosses; Type 4----single-ear x two-ear crosses, the single-ear lines being some of the parent 
lines from Type 1, and the two-ear lines, from Type 2. 
There were six plant densities and three replications in each experiment. The design was 
a split plot in which plant densities were the main plots and the hybrids were randomized as 
subplots. The main plots, or densities, were randomized as strips across the three replications. 
Plant densities after thinning averaged approximately 20.5, 30.8, 41.1, 51.4, 61.7, and 72.0 
thousands of plants/hectare and are designated Densities 1 to 6, respectively. 
All plots were hand harvested, and all ears in a plot were saved even where severe stalk 
lodging and dropped ears occurred. We counted plants per plot and harvested ears, and 
converted the latter to ears/100 plants. Grain-moisture determinations were made for each 
plot, and plot weights were converted to q/ha of shelled grain at 15.5% moisture. 
The y ield data were first analyzed as described by Prior and Russell (1975) according to 
the conventional method in which hybrids and densities were considered fixed variables and 
location and years were equated to eight random environments. Orthogonal comparisons 
were made for hybrids and interactions of hybrids with densities and environments to study 
differences among and within types. 
Eberhart and Russell (1966) presen ted a method to compare hybrids for stability of 
performance over series of environments. For each entry, stability is described by three 
parameters that are defined by the model 
Yij = ui +Bi Ij + Sij 
where Yij is the variety mean of the ith variety at the jth environment, ui is the mean of the 
ith variety over all environments, Bi is the regression coefficient that measures the response of 
the ith variety to varying environments, Sij is the deviation from regression of the ith variety 
at the jth environment, and Ij is the environment index obtained as the mean of the varieties 
at the jth environment minus the grand mean 
[I·= (L Y.· /v) -(~~ Y·· /vn), ~I·= 0]. J i IJ I J IJ J J 
We perfoi;med a separate stability analysis of the yield data for the hybrids over eight 
environments for each density and for mean yields of six densities. Also, we calculated a 
stability analysis for the same hybrids based on 48 environments (six densities x two locations 
x four years). 
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RESULTS AND DISCUSSION 
The _resul ~s f~om these experin:ents relative to the yield performance of the hybrid types 
and hybrids w1thm types at the different plant densities have been described by Prior and 
Russell(197?}. Conse~uently, our main emphasis here will be relative to the stability analysis. 
We are most interested m Types 1 and 3 because these contrasting types represent the products 
of the most advanced breeding. 
. A summary of ~he resu_lts from the conventional analysis of variance to obtain hybrid x en-
v~on~ent and hybnd_x environment x density interactions within each type is shown for grain 
yield m Ta bl~ L_ ~he f1~st- and ~eco~d -~rder ~teractions were highly significant in all types. Al-
though the s1gm~1cant mteract10~s md1cate instability of yield performance for hybrids in each 
typ:, ~he analysis does not provide for comparing among types for stability of performance Var~at10n ar:iong the types for prolifica:y may be one cause for differences in the magnitude of 
the mt:ract1011 m:an squares. ~l hybrids ~ust be considered highly selected genotypes; there-
fore~ ?1fferences m the magmtude of the interaction mean squares may be caused also by the 
s~e~1f1c genotypes. The relative magnit udes of mean squares for Types 1 and 2 however are 
similar to those presented for similar materials by Russell and Eberhart (1968). ' ' 
Table 1. Conventional analysis o~ variance for grain yield (q/ha) among hybrids in four types 
of crosses evaluated at six plant densities in eight environments. 
Genotypes x Genotypes x Environments 
Environments x Densities 
Source D.F. M.S.t D.F. M.S.t 
Within Type 1 42 107.86** 210 39.81 ** 
Within Type 2 42 97.43** 210 21.18** 
Within Type 3 42 136.00** 210 29.19** 
Within Type 4 42 158.21 ** 210 25.14** 
** Significant at the 1 % level. 
t Analyzed on the basis of hybrid means (three replications). 
The stability analysis partitions the genotype x environment interaction into the follow-
ing two parts: (1) variation caused by response of the hybrids to different environment indexes 
(sums of squares due to regression), and (2) deviations from the linear regression (mean 
squares due to deviation). Thus, each hybrid is characterized by three parameters, namely: 
(1) mean yield over all environments, (2) a linear regression coefficient (bQ) relative to the 
environment indexes, and (3) deviations from the linear model (D.M.S.). Because the estimates 
for each parameter are additive, the parameters can be estimated for each hybrid type. The 
average slope for the environment indexes is 1.0 because we used the mean yield of all hybrids 
in an environment as the index. Thus, the bQ values of the hybrids vary above and below 1.0. 
A bQ value greater than 1.0 means that the hybrid yield response was higher than average as 
environment indexes increased. An acceptable and stable hybrid usually will be one with 
mean yield greater than the grand mean, bQ = 1.0, and D.M.S. near zero. 
A stability analysis is most meaningful if the environment indexes have a wide range and 
a good distribution within the range. Yield data in Table 2 indicate that these criteria were 
met reasonably well. Yield ranges were good in all densities; in Densities 1 and 2, three 
indexes were above the mean and five below, whereas in Densities 3, 4, and 5, five indexes were 
above the mean and three below. Variations for mean yield among environments were caused 
primarily by differences in soil moisture and dates of planting. Even-numbered environments 
(Ankeny) always were lower yielding than the Ames environment in the same year, and 
always they were planted later. 
The modified analyses of variance for stability of 28 hybrids grown in eight environ-
ments, for yield data averaged over all densities, and for 48 environments are shown in Table 
3. For the yields averaged over six densities, hybrid types differed (P < 0.05) in their linear 
response to the environmental indexes. Hybrids within each type, except Type 2, differed 
Table 2. Mean yields (q/ha) for six plant densities in eight environments, averaged for 28 hybrids. 
Environments 
Density 1 2 3 4 5 6 
1 84.6 63.0 68.4 68.7 61.3 62.5 
2 90.5 76.3 80.7 79.6 70.1 67.9 
3 92.0 82.5 92.0 87.4 72.8 66.8 
4 96.6 87.3 96.7 89.8 76.3 64.8 
5 97.9 85.4 92.4 87.4 70.2 65.0 
6 93.4 81.6 93.6 82.3 70.0 60.9 
x 92.5 79.4 87.3 82.5 70.1 64.6 
7 8 
83.9 76.9 
92.5 89.2 
97.0 96.3 
100.3 100.2 
99.3 100.2 
97.3 98.2 
95.0 93.5 
x 
71.2 
80.8 
85.8 
89.0 
87 2 
84.7 
83.1 
I-.) 
0 
" c:: (I) 
(I) 
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t"" 
t"" 
!>) 
= c. 
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Table 3. Stability analyses of variance for 28 hybrids, four hybrid types with seven hybrids 
per type: (A) averaged over six densities in eight environments, and (B) for 48 
environments (six densities, two locations, 4 years). 
A B 
Source D.F. M.s.t D.F. M.s.t 
Environments-linear (EQ) 1 24651.44 1 207875.03 
Hybrids (H) 27 452.21 ** 27 2713.25** 
Types (T) 3 2051.34** 3 12308.02** 
H(T) 24 252.32** 24 1513.90** 
HxEQ 27 61.94** 27 213.28** 
TxEQ 3 62.99* 3 210.88** 
H(T) x EQ 24 61.81 ** 24 213.58** 
H(T1 ) x EQ 6 36.71 * 6 153.42** 
H(T2 ) x EQ 6 21.26 6 106.63 
H(T3 ) x EQ 6 94.95** 6 242.35** 
H(T4 ) x EQ 6 94.31 ** 6 351.90** 
Pooled deviations 168 16.96** 1288 53.90** 
H(T 1 ) 42 21.23** 322 68.80** 
H(T2 ) 42 20.39** 322 42.39** 
H(T3 ) 42 12.75** 322 62.33 ** 
H(T4 ) 42 13.48** 322 42.08** 
Pooled error :!: 213 2.60 1278 15.62 
*,** Significant at the 5 and 1 % levels of probability. 
t Analyzed on the basis of hybrid means (3 replications). 
:j: Covariance analysis in two experiments and missing hybrid in two experiments, 
therefore D.F .= 213 and 1278. 
significantly in linear responses, the differences being much greater in Types 3 and 4 than in 
Types 1 and 2. The relative magnitudes of the mean squares for these interactions are similar 
to the mean squares for genotypes x environments interactions in Table 1. The deviation 
mean squares, which are the average deviation for the seven hybrids in a type, were highly 
significant, indicating that not all the genotypes x environments interaction was accounted 
for by differences of linear response amon-g hybrids in a type. Except for greater mean 
square values, results of the stability analysis when the experiments were treated as 48 
environments were similar to the analysis just described. 
Results of the" stability analysis for each density are given in Table 4. Mean squares for 
differences among the types for response to environmental indexes, which were significant at 
Densities 1, 2, and 3, decreased sharply as densities increased and were not significant for 
Densities 4, 5, and 6. The mean squares show that differences of response for the hybrids 
within groups were lower for Types 1 and 2 and higher for Types 3 and 4, except in Density 
1 where the response of Type 3 was less than that of Type 1. The deviation mean squares 
were significant, or highly significant, for all types in the six densities, again indicating that 
differences in linear response among the hybrids in a type did not account for all the genotypes 
x environments interaction. In Densities 3 to 6 the deviation mean squares were greater for 
Type 1 than for the other types. 
Stability parameters for the hybrid types are listed in Table 5. Although the trait, 
ears/100 plants, has not been considered a stability parameter, data for the trait are included. 
Estimates are given for each of the six densities, for the mean of the densities, aJld for the 
48-environment analysis. At Densities 4, 5, and 6, none of the bQ values was significantly 
N 
N 
Table 4. Stability analyses of variance for 28 hybrids, four hybrid types with seven hybrids per type, at each of six densities. 
Mef!n sguares for densitiest 
Source D.F. 1 2 3 4 5 6 
Environments-linear (EQ) 1 17602.58 16893.04 23898.20 31442.01 34783.27 36308.33 
Hybrids (H) 27 840.01 ** 571.90** 505.03** 496.95* * 533.75** 472.79** 
Types (T) 3 4658.81 ** 3153.08** 2415.73** 2324.32** 1825.37** 1408.11 ** 
H (T) 24 362.66** 249.25** 266.19** 268.53** 372.30** 355.87** 
Hx E 27 140.17** 144.53** 63.39** 76.09** 66.01 * 112.08** 
Types (T) x EQ 3 507.74** 275.15** 89.65 * 38.18 20.79 5.40 
H (T) x EQ 24 94.22** 94.45** 60.11 ** 80.83** 71.66* 125.42** 
H (Tl) x EQ 6 98.78* 99.28* 6.52 49.08 34.42 113.84 
H (T2) x EQ 6 55.74 46.90 30.06 32.81 49.53 44.53 
H (T3) x EQ 6 79.41 124.78** 123.90** 125.09** 73.01 146.00* 
H (T4) x EQ 6 142.96** 106.83** 79.96** 116.33** 129.70** 197.31 ** 
Pooled deviations 168 40.30** 35.47** 25.76** 39.51 ** 39.73** 61.11 ** 
H(Tl) 42 28.24** 34.88** 31.96** 69.51** 55.95** 92.92** 
H(T2) 42 50.55** 47.55** 20.91 * 27:97** 34.96** 41.16** 
H (T3) 42 39.65** 39.29** 29.64** 30.93** 36.65** 54.41 ** 
H(T4) 42 42.75** 20.20** 21.25* 29.63** 31.37** 50.96** 
Pooled error 213 12.90 10.86 13.43 16.00 19.22 21.29 
::i::i 
~ 
('1 
*, ** Significant at the 5 and 1 % levels of probability. ('1 trl 
t Analyzed on the basis of hybrid means (3 replications). t"" t"" 
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Table 5. Stability parameters and ears/100 plants for four hybrid types in each density, over all densities in eight environments, and 48 environments. 
Densities 
1 2 3 4 
Ears/ Ears/ Ears/ Ears/ 
Hybrid Yield 100 Yield 100 Yield 100 Yield 100 
type q/ha plants bQ D.M.S. q/ha plants bQ D.M.S. q/ha plants bQ D.M.S. q/ha plants bQ D.M.S. 
1 66.7 123.2 0.57* 28** 84.3 104.2 0.80 35** 91.7 100.6 1.03 32** 94.6 99.6 0.97 70** 
2 67.7 201.4 1.13 51** 73.4 144.8 1.05 48** 77.9 114.5 0.87 20* 80.7 104.7 0.96 28** 
3 84.8 233.7 1.37* 40** 89.7 176.0 1.34* 39** 90.8 140.2 1.15* 30** 93.6 126.3 1.10 31** 
4 65.5 159.6 0.94 43** 76.0 119.6 0.81 20** 83.0 104.2 0.94 21* 87.2 102.3 0.97 30** 
Densities 
5 6 Mean 48 environments 
Ears/ Ears/ Ears/ Ears/ 
Hybrid Yield 100 Yield 100 Yield 100 Yield 100 
type q/ha plants bQ D.M.S. q/ha plants bQ D.M.S. q/ha plants bQ D.M.S. q/ha plants bQ D.M.S. 
1 92.2 95.6 1.00 56** 89.3 90.9 1.01 93** 86 .5 102.4 0.92* 21 ** 86.5 102.4 1.08* 69** 
2 79.9 99.3 0.94 35** 78.3 95.0 0.99 46** 76.3 126.6 0.98 20** 76.3 126.6 0.93* 42** 
3 91.3 113.7 1.06 37** 87.9 104.9 1.03 54** 89.7 149.1 1 .15* 13** 89.7 149.1 0.98 62** 
4 85.5 96.5 1.01 31** 83.1 93.3 0.97 51** 80.0 112.6 0.95 13** 80.0 112.6 1.02 42** 
* Significantly different from 1.0 (bQ) or from 0.0 (D.M.S.) at the 5% level of probability. 
**Significantly different from 1.0 (bQ) or from 0.0 (D.M.S.) at the 1 % level of probability. 
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different from 1.0. Also, the estimates for Types 2 and 4 at the three lowest densities and 
Type 1 at Densities 2 and 3 were not different from 1.0. At the three lower densities, the b£ 
for Type 3 was significantly greater than 1.0, and at Densi ty 1, the bQ for Type 1 was signifi-
cantly less than 1.0. Differences among the types for ears/100 plants decreased from Density 
1 to Density 6. It was noted previously that differences among the types for linear response 
decreased similarly as stands became more dense. Among the bQ values for types averaged 
over all densities, Type 3 has the largest value, followed in turn by Types 2, 3, and 1. This 
was also the descending order for ears/100 plants; thus, one might infer that increasing pro-
lificacy causes greater yield response in the high-yield environments ; or, conversely, that 
barrenness causes below-average yields in low-yield environments. This same relationship 
between ears/100 plants and bQ values is evident at Densities 1 and 2, but not at the other 
densities. At Densities 1 and 2, hybrid types with the greatest potential to produce more than 
one ear per plant have the best means to increase grain yield when the environment yield 
potential is high. 
When each density in a trial was considered an environment (thus giving 48 environments), 
bQ for Type 3 was less than for Type 1. The low densities were generally low-yield environ-
ments because all types except Type 3 usually yielded much less in Densities 1 and 2 than in 
any other density. Therefore, the yields of Type 1 relative to Type 3 would be higher in the 
higher densities, which usually would be the high-yield environments at a location, than in 
the lower densities. This caused Type 1 to have bQ >LO and Type 3 to be less than Type 1. 
Except at Density 2 the magnitude of the D.M.S. were similar for Types 2, 3, and 4. 
Type 1 D.M.S. showed a gradual increase from 28 at Density 1 to 93 at Density 6, but the 
other types had only small changes with the increased density. Barrenness at Density 6 may 
have been a main cause for Type 1 to have its highest D .M.S. at this density. If prolificacy 
were the main cause for lower deviations, then Type 3 should have consistently had the 
lowest D.l\if .S. With such highly selected genotypes, differences may be genotype-specific and 
may not be directly related to variation in prolificacy. 
Considering the stability parameters, the best hybrid type-plant density combination 
was Type 3 in Density 4 (51,400 plants/ha) where mean yield= 93.6, bQ = 1.10, and D.M.S. = 
31. At Densities 3 and 4, Type 1 compared favorably with Type 3, except for D.M.S. at 
Density 4. At Densities 1 and 2, Type 1 showed significantly less response than Type 3, but 
the difference was negligible at the three highest densities. Type 1 had less flexibility in alter-
ing the number of ears per plant, so was less able than Type 3 to respond to the better en-· 
vironments in the low densities. The importance of prolificacy to linear response was much 
less at the higher densities. 
The yields, ears/100 plants, bQ, and D.M.S. for individual hybrids at each density pro-
vide interesting trends and comparisons. The data for all hybrids, densities, and environments-
are too voluminous to be shown here ; consequently, we have presented results for hybrids of 
Types 1 and 3 at Densities 1 and 4 in Table 6 because these types reflect the most advanced 
breeding and testing of the materials in the study and because Densities 1 and 4 provide the 
greatest contrast among the densities. Also, Density 4 produced the highest average yield in 
six of the eight environments. 
All Type 1 hybrids increased in bQ from Density 1 to Density 4, with B3 7 x Mo 17, 
B37 x B54, and B37 x B45 showing the greatest increases. Hybrids N28 x Mol 7 and B45 x 
N28 had the highest number of ears/100 plants at Density 1 and also had the highest bQ at 
this density; these crosses also had the highest D.NI.S. at both densities. At Densities 5 and 6, 
N28 x Mol 7 showed excellent response to environment indexes, thus giving this hybrid the 
highest average yield in these densities. B37 x B57, which had the highest average yield over 
all densities and environments, had the highest D.M.S. at Densities 5 and 6. In several en-
vironments B37 x B57 showed considerable barrenness at Densities 5 and 6, which probably 
caused the higher D.M.S. and relatively lower yields than in Densities 1to4. Evidently, the 
ability to produce more than one ear/plant at the lower densities and to resist barrenness at 
the higher densities were important factors in determining response of a hybrid at the different 
plant densities. 
Variation for bQ among hybrids was greater in Type 3 than in Type 1 at all except 
Density 1 (Table 4). At Density 1, it seems likely that number of .ears/plant was not a 
physiological barrier to yield for Type 3; therefore, variation among Type 3 hybrids for 
response was caused by other unknown limiting factors. In contrast to Type 1 all except one 
hybrid in Type 3 had bQ above 1.00 in Density 1. Also, in contrast to Type 1 all except one 
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Table 6. Stability parameters and ears/100 plants for the single crosses in Types 1 and 3 at 
Densities 1 and 4. 
Density 1 Density 4 
Yield Ears/100 Yield Ears/100 
Hybrid q/ha plants bQ D.M.S. q/ha plants bQ D.M.S. 
illtl 
B37 x Mol 7 66.4 105.2 0.11 ** 30** 94.6 97.6 0.81 35** 
N28 x Mo17 66.1 136.9 0.89 76** 97.8 102.0 0.99 133** 
B54 x Mol 7 60.1 111.0 0.53 20* 89.7 100.7 0.70 35** 
B37 x B54 63.4 113.4 0.39* 9 91.9 99.8 1.17 86** 
B37 x B45 68.3 127.4 0.22** 5 96.9 99.4 0.81 23 
B37 x B57 71.9 109.2 0.56 24** 99.0 98.7 1.02 74** 
B45 x N28 70 .9 159.0 0.82 34** 92.2 99.0 1.24 101** 
Mean 66.7 123.2 0.57** 28** 94.6 99.6 0.97 70** 
~ 
(66 x 67)-4-4 80.4 276.1 0.96 12 92.9 176.5 0.87 31** 
(66 x 67)-4-6 81.9 252.5 1.04 15 91.8 159.4 0.77 105** 
(21 x 22)-1-2 79.1 200.8 1.09 29** 94.7 105.5 1.15 9 
(21 x 22)-3-1 78.1 204.7 1.36 70** 90.3 103.7 0.80 21 
(97 x 98)-2-3 92.1 230.8 1.90** 74** 98.9 107.9 1.32 7 
(97 x 98)-2-4 93.2 233.1 1.63* 53** 91.4 107.5 1.51 ** 26* 
(97 x 98)-4-1 88.5 239.4 2.00** 24** 94.8 123.8 1.05 17 
Mean 84.8 233.9 1.37** 40** 93.6 126.3 1.10 31** 
* Significantly different from 1.0 (bQ) or from 0.0 (D.M.S.) at the 5% level of probability 
** Significantly different from 1.0 (bQ) or from 0.0 (D.M.S.) at the 1% level of probability 
hybrid in Type 3 had a decrease in bQ from Density 1 to Density 4. Although the average 
D.M.S. for Type 3 decreased from Density 1 to Density 4, individual hybrids had dramatic 
changes that were not all in the same direction. Presumably, the differences among Type 3 
hybrids for changes in D.M.S. between densities were caused partly by variation among 
hybrids in ability to develop prolificacy in various stress conditions. 
Stability parameters and ears/100 plants are shown in Table 7 for the hybrid in Type 1 
and in Type 3 that had the highest average yield over all densities and environments. The 
stability parameters were distinctly different at Densities 1 and 2, probably caused partly by 
the difference in prolificacy. In all densities, (97 x 98)-2-3 showed the great"er ability for 
response to environmental indexes. Probably, barrenness was responsible for the increases of 
D.M.S. for B37 x B57 at Densities 4, 5, and 6. Other unknown factors specific to the geno-
types were likely involved in the differences observed. 
Because the stability parameters were incpnstant across densities, constant stability 
parameters cannot be assigned to a hybrid or type of hybrids without defining the density 
for which the parameters have been calculated. (Of course, the parameters also depend upon 
the basis for the environmental indexes.) The data have shown that the use of several densities 
as a means of increasing the number of environments may lead to erroneous conclusions, 
particularly if some of the densities are not practical. When estimating the optimum density 
at which a hybrid should be grown, perhaps the density should be selected to obtain increased 
stability of yield over environments even though the selected density may have a lower po-
tential yield in some environments than would another density. An example is B37 x B54 in 
Densities 4 and 5, yielding 91.9 and 91.4 q/ha, respectively. In Density 4, bQ = 1.17 and 
D.M.S. = 86, while in Density 5, bQ = 0.97 and D.M.S. = 49; thus, the hybrid is more stable in 
Density 5. In some environments, the yields would be higher in Density 4 than in Density 5, 
but the deviations were higher in Density 4. 
26 RUSSELL and PRIOR 
Differences among types for stability parameters were not great at the three highest-yield 
densities. Important differences occur among hybrids within a type, however, particularly for 
D.M.S. in Type 1 and bQ and D.M.S. in Type 3. Consequently, selection of a specific type 
relative to prolificacy in preference to another will not guarantee selection of the most stable 
hybrid. Evidently selection of a hybrid that satisfies our suggestions for stability may be 
difficult. For example, B37 x B57 and N28 x Mol 7 in Type 1 were the two highest-yielding 
hybrids in Densities 4 and 5, which were the highest-yielding densities, but they had highly 
significant D.M.S. in both densities. Probably (97 x 98)-2-3 would be the best choice in Type 
3 because it had the highest yield and nonsignificant D.M.S. in both densities. 
The average date of silk emergence was later for Type 3 than for Type 1. The late-planted 
trials usually were the low-yield environments, and Type 3 was not superior to Type 1 in 
these environments. The superiority of prolific hybrids in low-yield environments, as claimed 
by Russell (1968), was observed in the only low-yield environment that was planted early. 
Lower ear number probably was the reason that prolifics lost much of their advantage in later 
planting. For prolific hybrids to express their yield potential in low-yield environments, they 
must be planted early, or, if late planting cannot be avoided , earlier maturing prolific hybrids 
must be developed. 
In a previous study Russell and Eberhart (1968) predicted that continued breeding would 
give greater yield improvements in two-ear than in single-ear types. They also suggested that 
yield responses relative to environmental indexes may not be changed significantly . Our data 
support their predictions relative to yield, but we observed much more variation among the 
Type 3 hybrids than among the Type 2 hybrids. Also, most of the single-ear hybrids were 
not single-eared when the density was low enough to permit some second-ear development. 
Because a negative relationship seems to exist between prolificacy at low densities and 
barrenness at high densities, the single-ear genotypes in our study are likely to have more 
stability than the single-ear genotypes used by Russell and Eberhart (1968). They also sug-
gested that the two-ear characteristic tempers the effect of environmental stresses to plant 
and ear development. It is evident from our data, however, that, regardless of the genetic 
potential for prolificacy, adequate testing is required to identify the most stable hybrids. 
Table 7. Stability parameters for the hybrid in Type 1 and Type 3 that had the highest 
average yield over all densities and environments 
Ears/ Ears/ 
Yield 100 Yield 100 
Hybrid q/ha plants bQ D.M.S. q/ha plants bQ D.M.S. 
Density 1 Density 2 
B37 x B57 71.9 109.2 0.56 24** 91.2 102.3 0.61 10 
(97 x 98)-2-3 92.1 230.8 1.90** 74** 95.2 162.6 1.73** 32** 
Density 3 Density 4 
B37 x B57 98.1 100.2 0.94 10 99.0 98.7 1.02 74** 
(97 x 98)-2-3 94.4 116.1 1.52** 10 98.9 107.9 1.32 7 
Density 5 Density 6 
B37 x B57 95.1 93.8 0.93 192** 86.4 88.0 0.58 191** 
(97 x 98)-2-3 92.7 97.1 1.41 * 22 91.2 97.1 1.28 30 
* Significantly different from 1.0 (bQ) or from 0.0 (D.M.S.) at the 5% level of probability 
** Significantly different from 1.0 (bQ) or from 0.0 (D.M.S.) at the 1% level of probability 
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METABOLISM OF MONO- AND OLIGO SACCHARIDES AND 
GROWTH STUDIES IN GERMINATING SOYBEAN SEEDS 
GL YC/NE MAX (L.) MERRILL 1 I. CARBOHYDRATE AND 
GROWTH DATA 
A. H. Wahab 2 and J. S. Burris 3 
ABSTRACT. Germination of the soybean seed Glycine max (L.) Merrill was studied in rela-
tion to dependence of the embryonic axis on the carbohydrate reserves within the cotyledon. 
Measurements were made of (1) total 80% ethanol soluble carbohydrates, (2) the mono- and 
oligosaccharides, (3) imbibition rates, and ( 4) dry-matter changes occurring in each seed and 
seedling part. The ·storage carbohydrates of soybean cotyledons, embryonic axis, and seed 
coats consisted mainly of sucrose, stachyose, and raffinose. The embryonic axis of the dry 
seed was devoid of fructose and glucose, whereas these sugars were present in the cotyledons 
and seed coats. Although total carbohydrates exhibit an initial decrease, at 18 hr the oligo-
saccharides returned to preimbibition levels. Fructose and glucose appeared in the embryonic 
axis at 18 hr when this organ commenced growth, and increased thereafter until they approxi-
mately equaled the total sugars. 
The cotyledons imbibed at an exponential rate the first 18 hr of germination, then 
linearly thereafter. Dry-matter transfer rates from the cotyledons to the embryonic axis were 
360 and 55 µg hr-1 pair of cotyledons-i during the first 60 hr, and thereafter through 192 hr, 
respectively. At 192 hr the cotyledons had lost 60% of their dry weight; 80% of this loss was 
conserved in the embryonic tissues. The hypocotyl and apical meristem accumulated dry 
matter and soluble sugars at much faster rates than did the radicle. Fructose and glucose 
were the prevalent sugars in the hypocotyl, radicle, and apical meristem, with fructose levels 
exceeding glucose levels in the radicle. Sucrose was the predominant sugar in the cotyledons. 
Total carbohydrates increased in the cotyledons before apical meristem growth; and fructose 
and glucose levels decreased markedly in the hypocotyl after the emergence of the apical 
meristem. 
INTRODUCTION 
Germination is an energy requiring process. In many seeds, stored carbohydrates serve 
as an immediate source of this energy during the early stages of germination. Several workers 
have reported that oligosaccharides are present in most mature seeds and decrease rapidly 
during germination (Abrahamsen.and Sudia, 1966 ; Bond and Glass, 1963; Drennan, 1962; 
Hattori and Shiroya, 1951; Pazur 1P.t al., 1962). Limited information is available on the time 
sequence of specific carbohydrate changes occurring in each organ of the germinating soybean 
seed and seedling (Abrahamsen and Sudia, 1966; Pazur et CJ.I. 1962). Such information is im-
portant in further understanding the physiological events that accompany imbibition and seed 
germination. Previous work in our laboratory (Wahab and Burris, 1971) has dealt with carbo-
hydrate group changes within each morphological entity of the soybean seed during germina-
1 Journal Paper No. J-7338 of the Iowa Agriculture and Home Economics Experiment Sta-
tion, Ames, Iowa 50010. Project No. 1889. 
2 Formerly graduate assistant, Department of Botany and Plant Pathology, Iowa State Uni-
versity, Ames, Iowa. 
3 Associate Professor, Department of Botany and Plant Pathology, Iowa State University, 
Ames, Iowa. 
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tion. The objectives of this research were (1) to investigate the time sequence of specific 
mono- and oligosaccharides in cotyledons and embryonic axis (hypocotyl, apical meristem, 
radicle , and (2) to monitor the changes of fresh and dry weight of each seed and seedling 
organ during germination of the soybean. 
MATERIALS AND METHODS 
Soybean seeds of Glycine max (L.) Merrill of 'Corsoy' cultivar were screened for uniform 
size. Seeds weighed 17.50 g/100 whole seeds and had a germination of 98% at the end of 7 
days. Throughout the experiment, seeds at a moisture content of 6.5% were stored in sealed 
glass jars at 2° C. 
Fresh-and Dry-Weight Studies 
Seeds were oriented with the micropyle up, planted according to the rolled-towel method 
(Burris and Fehr, 1971), and grown at 28± 1° C. Beginning 6 hr after imbibition and con-
tinuing at 6-hr intervals through 96 hr, 4 X50 seeds/seedlings were harvested. Thereafter, 
seedlings were harvested at 24-hr intervals through 192 hr. Immediately after harvesting, 
whole seeds/seedlings were surface dried with filter paper , weighed to the nearest milligram, 
then dissected into cotyledons, seed coats, embryonic axes, radicle (lateral roots included), 
hypocotyl, and apical meristem (developing epicotyl, unifoliate leaves, and shoot apex). The 
fresh weight and dry weight of each organ was then determined. 
Carbohydrate Studies 
Seeds (4X50) were planted as outlined for fresh- dry-weight studies. At each sampling 
the seed /seedling was dissected into its respective organs and these tissues were frozen pending 
carbohydrate extraction. For sugar extraction, the plant material was homogenized in hot 
80% (v/v) ethanol. The filtrate was concentrated under vacuum at 40° C after which a small 
volume of water was added. The aqueous extract was centrifuged at 27,000 x g for 30 min. 
The pellet was discarded and the supernatant was refrigerated pending TC5 analysis and quali-
tative and quantitative paper chromatography. 
Chromatography 
A modification of the multiple-ascent paper chromatography method (Robyt and French, 
1963) was used to effect separation of the soluble sugars. The aqueous sugar extract and 
known sugars were applied and the paper was rolled into a cylindrical shape, stapled , and 
placed in an airtight chamber containing the irrigation solvent water-n-propanol, 3:17 (v/v). 
Irrigation was carried out at 65° C and sugars were satisfactorily resolved after three ascents 
of 6 hr each. Degree of separation and purification was excellent as indicated by results in 
Figure 1. 
Detection of Sugars 
After the three solvent ascents, the chromatogram was seCtioned between the two lines 
along which the samples were streaked. The chromatogram containing the reference sugars 
was moistened with a solution of invertase (130 units/mg) buffered with NaOAc at pH 4.5. 
The moist chromatogram was placed in a humid chamber for 15 min at 55° C then allowed to 
air-dry after which it was developed by the AgN0 3 dip method (Robyt and French, 1963). 
Quantitative Determination of Resolved Sugars 
The developed chromatogram was used in locating the sugars on the undeveloped section 
of chromatogram. After appropriate ones were removed from the undeveloped chromatogram, 
4 Abbreviation: TC =total 80% ethanol soluble carbohydrates. 
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the sugars were eluted and the TC were determined by analysis of 1-ml aliquots of the eluate 
with phenol and sulfuric acid as outlined by Dubois et al. (1956). Each sugar was reported in 
mg/50 seeds, seedlings, or seedling organs. 
RESULTS 
Changes in Water Content. 
Figure 2 shows the changes in water content of the entire seedling and various seedling 
organs during germination. There was a 16-fold increase in the water content of both the 
cotyledons and embryonic axes 6 hr after imbibition. At 192 hr, 50 pairs of cotyledons had 
increased in moisture from 300 mg to 14 g, and 56% of this increase occurred within 12 hr 
after imbibition. Thus, the cotyledons imbibed rapidly during the first 12 hr of germination 
and at a slower but steady rate from 12 through 192 hr. 
The embryonic axes were sampled up to 60 hr after imbibition. During this period 
these tissues increased in moisture from 10 mg to 11.5 g. The water uptake curve was distinct-
ly biphasic. The first phase, lasting from 0 through 18 hr was characterized by a rate of uptake 
of 15 mg of water/hr per 50 embryonic axes. Phase two, continuing through 60 hr was charac-
terized by a rate of uptake of 260 µg/hr per 50 embryonic axes. 
The embryonic axis was dissected into hypocotyl and radicle, beginning at 66 hr, and at 
120 hr the apical meristem (epicotyl, unifoliate leaves, and shoot) had developed. The hypo-
cotyl exceeded the radicle in rate of water uptake and contained the bulk of the water in the 
entire seedling (60% at 192 hr). Water uptake data for the hypocotyl (Fig. 2) show two 
phases. The first phase lasted from 66 through 120 hr and was characterized by a rate of up-
take of 510 µg/hr. Phase two (120 to 192 hr) was characterized by a water uptake rate of 
148 µg/hr. The water content of the radicle increased at a uniform rate of 55 µg/hr from 66 
through 192 hr, while there was a progressive increase in the rate of water uptake by the 
apical meristem from 120 through 192 hr. The water uptake rates of the apical meristem 
were 35, 70, and 160 µg/hr at 144, 168, and 192 hr , respectively. 
Figure 1. Chromatograph of epicotyl ethanol extract on day 7 and 8, showing degree of 
separation by multiple-ascent procedure. 
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A plot of the water levels of the entire seed or seedling reveals three phases. Phase one 
lasted until 36 hr after imbibition and was characterized by an uptake of 350 µg/hr. Phase 
two continued through 120 hr and was characterized by an uptake rate of 535 µg/hr. Phase 
three continued through 192 hr and was characterized by the lowest uptake rate (310 µg/hr). 
When the water levels of the entire seedling excluding the cotyledons were plotted versus 
time, a three phase curve was obtained. Phases two and three were similar to those reported 
for the entire seedling. Phase one, however, was characteristic of the typical lag phase normal-
ly encountered in the culturing of microorganisms. It lasted through the first 24 hr of 
germination and consisted of up uptake rate of 11 µg/hr. 
Changes in Dry l\1atter 
The time course of dry-matter change within the seedling and its various organs is pre-
sented in Figure 3. Significant decreases in cotyledonary dry matter occurred at 54, 78, 120, 
144, and 192 hr after imbibition. The seedling (excluding cotyledons) increased significantly 
in dry matter at 66, 96, 144, and 192 hr. 
l\'1aterial was exported from the cotyledons at the rate of 14 mg/hr during the first 36 hr 
of imbibition, then increased to 27 mg/hr thereafter through 192 hr. The embryonic axis ac-
cumulated dry matter at the rate of 5 mg/hr during the first 36 hr of imbibition, and 22 mg/hr 
through 60 hr. The hypocotyl increased in dry weight at the rate of 22 mg/hr from 66 through 
120 hr. This was followed by a significantly reduced rate of dry matter accumulation through 
120 hr (6 mg/hr) and probably was due in part to the development of the apical meristem at 
120 hr. This organ accumulated dry weight at a rate of 7 mg/hr. The radicle increased signifi-
cantly in dry weight at 96 and 144 hr, but of all the seedling organs it accumulated dry weight 
at the lowest rate (0.3 mg/hr). 
Carbohydrate Metabolism 
TC constituted 8.25% 9f dry weight of the soybean seed. Sucrose, stachyose and raffinose 
were the most-~bundant extractable sugars in the-cotyledonary tissues and made up 68, 24, 
and 5%, respectively, of the total extractable sugars in this organ. Also detectable were fruc-
tose, glucose, and maltose (Fig. 8). The sugars in the embryonic axis of the seed are presented 
in Figure 4. Stachyose and sucrose were the predominant extractable sugars in these tissues, 
and raffinose was present in small amounts. Trace amounts of maltose, meliobiose, glucose, 
and fructose also were detected. Soluble sugars constituted 1% of the dry weight of the seed 
coats (4500 mg/50 seed coats) and were mostly in the form of sucrose and stachyose, although 
fructose, glucose, and raffinose also were detected. After imbibition and at 24 hr, 60% of the 
TC within the seed coats had been metabolized, and only sucrose and stachyose were detect-
able. 
The changing levels of all the sugars detected in the cotyledonary tissues during germina-
tion are shown in figure 8. A substantial decrease occurred 6 hr after imbibition, with signifi-
cant decreases at 24, 36, 42, 54, and 66 hr. An increase in the amount of total sugars was ob-
served between 96 and 120 hr. After this, total sugars decreased steadily through 192 hr. 
Stachyose was the second most abundant extractable oligosaccharide in the cotyledons. 
This sugar decreased significantly at 12 hr and increased to essentially its initial value at 18 
hr. Stachyose decreased markedly between 18 and 30 hr, at the rate of 6.6 mg/hr, and was 
almost completely (94%) metabolized at 66 hr. Levels then remained constant through 120 
hr, after which this 'sugar was no longer detectable in the cotyledons. Raffinose was the third 
most abundant sugar in the cotyledons of the dry seed. As in stachyose, this sugar decreased 
rapidly during the early hours of hydration, but increased to its original value at 18 hr. 
Thereafter, raffinose declined through 42 hr at a rate of 1.2 mg/hr. This sugar was not detect-
able after 90 hr of imbibition. Sucrose was the most abundant extractable sugar in the coty-
ledonary tissues and constituted 68% of the soluble carbohydrates. This disaccharide was 
rapidly metabolized (35% of its original value) 6 hr after seeds were allowed to imbibe. 
Sucrose, however, increased to essentially 100% of its 30-hr value. Rates of sucrose utilization 
decreased from 8.5 mg/hr between 30 to 72 hr, and to 340 µg/hr between 72 to 192 hr. A 
characteristic increase in sucrose level (from 58 to 88 mg) similar to the increase in the level 
of total sugars was observed between 96 and 120 hr. Glucose and fructose levels were lowest 
in the cotyledonary tissues before imbibition and increased significantly 18 hr after imbibition. 
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Figure 2. Changes in water content of soybean seed/seedling organs and the entire seedling during germination. 
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After 18 hr and through 192 hr, glucose levels remained essentially the same. However, 
fructose levels increased rapidly between 96 and 120 hr , and exceeded glucose levels from 
120 hr through 192 hr. l\lfelibiose was not detectable in the dry seed , but was evident on 
chromatograms of 12-hr cotyledonary extracts. Levels were low and variable from this time 
through 96 hr, after which this sugar was no longer detectable . Although maltose was present 
in the cotyledons of the dry seed in amounts greater than those of glucose and fructose, it was 
completely metabolized after imbibition. Maltose, however, was again detected at 66, 72, 
and 78 hr. 
Carbohydrate Changes in the Embryonic Axis. 
The changing levels of carbohydrates within the embryonic axis are presented in Figure 
4. TC declined during the first 30 hr of imbibition and increased thereafter to levels 400% 
greater than the initial level in the dry seed. Stachyose was the predominant sugar before 
imbibition and 6 ·hr thereafter. After this, stachyose levels decreased significantly ; and at 48 
hr 90% of the initial amount had been metabolized. Raffinose constituted 6% of the total 
sugars in the embryonic axis at the beginning of the experiment and fluctuated only slightly 
during the 60 hr of germination . Sucrose was the second most abundant sugar in the em-
bryonic axis at the beginning. After imbibition, however, this sugar increased significantly 
and at 54 hr sucrose level was three times greater than the initial level in the dry seed. This 
was followed by a marked decrease between 54 and 60 hr. Free fructose and glucose were 
undetectable in the embryonic axis of the dry seed. Glucose was present in these tissues 6 hr 
after imbibition , and levels increased considerably thereafter. Fructose similar to glucose was 
present in the embryonic axis after imbibition. l\.'felibiose and maltose were found in trace 
amounts in the dry seed, but were not detectable thereafter. 
Carbohydrate Changes in the Hypocotyl. 
The sugars in the hypocotyl of the germinating soybean are presented in Figure 5. TC 
increased linearly from 66 to 84 hr at a rate of 7 mg/hr and levels were erractic between 84 
and 120 hr. An almost linear decrease in total sugars occurred from 120 to 192 hr. Glucose 
and fructose were the most abundant sugars in the hypocotyl and occurred in approximately 
the same amounts. These hexoses increased to a maximum value at 120 hr and decreased 
thereafter to similar levels at 192 hr. Glucose levels were consistently higher than fructose 
levels from 96 through 168 hr, but the magnitude of this difference decreased as germination 
progressed. Sucrose was the third most abundant sugar in the hypocotyl. Levels fluctuated 
but remained statistically unchanged from 66 to 96 hr. A significant increase occurred from 
96 to 120 hr followed by a decrease through 192 hr. Stachyose and raffinose were present in 
minute amounts (2 to 3 mg/50 hypocotyls) from 66.,.through 96 hr, but could not be detected 
thereafter. Melibiose was detected in the hypocotyl throughout the experiment. Maltose 
could not be detected in this organ at any time . 
Carbohydrate Changes in the Apical l\ITeristem. 
TC increased markedly from 4 mg at 120 hr to 86 mg at 192 hr (Fig. 6). Levels of 
stachyose, raffinose, and maltose were extremely low and variable. Melibiose was not de-
tectable. Sucrose levels increased steadily from 120 to 168 hr ( 4 7 µg /hr) and rapidly there-
after at a rate of 500 µg /hr. Glucose and fructose, the predominant sugars, were present in 
similar amounts. 
Carbohydrate Changes in the Root. 
The time course of carbohydrate changes in the root is presented in Figure 7. TC in-
creased between 66 and 96 hr, then decreased through 192 hr to essentially the same level 
as that observed at 66 hr. Stachyose and raffinose were present in minute amounts from 66 
through 96 hr (less than 1 mg) and were not detectable thereafter. Sucrose levels were rela-
tively constant between 66 and 96 hr and increased significantly between 96 and 120 hr. 
Thereafter, through 192 hr, sucrose levels remained relatively unchanged. Glucose and fruc-
tose were the most abundant sugars in the root, with fructose levels consistently greater than 
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Figure 4. Changes in the levels of total ethanol-soluble carbohydrates (TC), fructose, glucose, 
raffinose, stachyose, and sucrose in the embryonic axis of germinating soybeans. 
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glucose levels. Glucose increased by 2 times its initial level at 96 hr, then decreased steadily 
through 192 hr. Fructose increased to a maximum at 120 hr, then decreased through 192 hr 
to essentially its initial level. 
Carbohydrate Changes in the Whole Seedling. 
The carbohydrate data for the entire seedling are presented in Figure 8. A triphasic 
curve was obtained for the TC levels. Phase one lasted from 0 through 66 hr and was charac-
terized by a rate of decrease of TC of 6 mg/hr. Phase two lasted from 66 through 120 hr, and 
curing this time TC increased from 317 to 480 mg. Phase three continued through 192 hr, and 
was characterized by a decrease similar in magnitude to the increase observed in phase two. 
Stachyose levels decreased significantly during the first 12 hr after imbibition and increased 
to their initial value at 18 hr. After this, stachyose decreased rapidly and at 144 hr this tetra-
saccharide was no longer detectable in the soybean seedling. Raffinose decreased during the 
first 12 hr of germination, then increased to its initial level in the seed at 18 hr. Thereafter, 
raffinose declined gradually and could not be detected in the seedling after 120 hr. Sucrose 
was the most abundant sugar in the seedling through 66 hr of germination. After a significant 
decrease 6 hr after imbibition, level of sucrose increased to its initial level at 30 hrs, then was 
utilized steadily at the rate of 6 mg/hr until 192 hr. Glucose and fructose levels changed simi-
larly during germination. These sugars were present in the least amount soon after imbibition. 
Glucose levels increased to their maximum level at 120 hr, then, glucose decreased through 
192 hr. Fructose increased gradually during the first 30 hr after imbibition and rapidly be-
tween 30 and 120 hr, at which time fructose level was greatest in the seedling. Fructose de-
creased thereafter through 192 hr. l\-1"altose was present in the dry seed in amounts slightly 
larger than those of fructose and glucose , and melibiose was initially present in appreciable 
amounts but persisted in the seedling in only minute amounts . 
DISCUSSION 
The Ungerminated Seed. 
Stored seeds by necessity exhibit a low metabolic activity, thereby conserving their 
supply of energy reserves. When favorable conditions prevail, these reserves are used for 
germination and early seedling growth. The results presented indicate that nonreducing 
carbohydrates composed 96% of the TC in the whole dry seed . In previous studies in our 
laboratory (Wahab and Burris, 1971), respiratory activity of the viable ungerminated soybean 
seed was negligible, and virtually all water soluble sugars were nonreducing. The moisture 
contents of the seed coats, cotyledons, and embryonic axis were the same (4%), indicating 
equilibrium conditions between these seed entities. But, the molar concentrations of stachyose 
and raffinose in the embryonic axis of the dry seed were seven and five times greater, re-
spectively, than were the concentrations of these sugars in the cotyledons. This indicates the 
existence of a concentration gradient between the oligosaccharides of the cotyledons and 
embryonic axis at 0 hr. This situation was exemplified further by the TC of the various seed 
entities. TC constituted 25% of the dry weight of the embryonic axis, whereas in the cotyle-
dons and seed coats TC acco unted for 9 and 1 °'o respectively of the dry weight of these organs. 
The substantially higher percentage of TC within the embryonic axis is tenable, since this 
organ becomes physiologically active faster than do the cotyledons after imbibition 
(Abrahamsen and Suida, 1966; Wahab and Burris, 1971). Despite the high percentage of TC 
in the embryonic axis, this organ accounts for only 3% of the total dry weight of the seed; 
therefore, it contains only 7% of the TC in the entire seed. That TC were present in the seed 
coats of dry seeds has not been reported before and a discussion of their possible effects in 
germination will follow later in this section. 
The small amount of free hexoses in the cotyledons are to be expected since these sugars 
serve as immediate respiratory substrates . The small amount of maltose in the cotyledons at 
0 hr could be a natural residual byproduct following seed maturation. This disaccharide was 
reported to be the most abundant sugar in the soybean plant at the time of flowering and pod 
formation (Quillet and Bourdon, 1956). Maltose was present in wheat flour (Koch et al., 
1951), and this sugar may serve as a respirat9ry substrate during germination (Reynolds et al., 
1958). Maltose has been shown to be converted into glucose, maltotriose, maltotetraose, and 
sucrose in germinating bean and cereal seeds (Chen and Varner, 1969; Nigam and Giri, 1960). 
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Figure 7. Changes in the levels of total ethanol-soluble carbohydrates, fructose, glucose, and 
sucrose in the roots of germinating soybeans. 
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Germination from 0 through 60 hours. 
Both the dry weight and the moisture content gave an index of the rate of movement of 
energy reserves from the cotyledon to the embryonic axis. With the exception of the rapid 
water uptake of the cotyledons during the first 24 hr of imbibition (Fig. 2), the change in 
water content during the next 36 hr was inversely proportional to the dry weight (Fig. 3). A 
similar relationship between these two factors was found in sunflower (Miller, 1910) and 
wheat (Yocum, 1925 ). Embryonic axes increased in water content at an exponential rate . 
The change in water content of the embryonic axis was highly correlated (r-0.89) with the 
change in dry matter of these tissues. Also, the change in dry matter of the embryonic axis 
from 24 through 60 hr was inversely proportional to the change in dry matter of the cotyle-
dons during this period. This indicates transfer of cotyledon reserves to the embryonic axes, 
which became evident at 24 hr. Although the marked decline of TC of the seed coats at 24 
hr (60%) was insignificant compared to the corresponding decline observed in the embryonic 
axes and cotyledons at this time, these sugars may be important as respiratory substrates 
immediately after imbibition. The absence of free hexoses in the seed coats at 24 hr and the 
accompanying decrease of sucrose and stachyose may be attributed to (1) utilization of these 
sugars by the cotyledons, (2) digestion of these sugars by microflora present on the seed coats, 
and (3) leaching of these sugars from the seed coats to the germination substrate. The rapid 
change in physiological status of the seed, following imbibition, is demonstrated by the carbo-
hydrate changes in the cotyledons and embryonic axis just 6 hr after imbibition (Table 2, and 
Fig. 4). There was an 8% decline in the level of TC within the cotyledons at 6 hr, and at 48 
hr TC were depleted. Stachyose, raffinose, and sucrose in the cotyledons had decreased 17, 
32, and 43% respectively of their initial levels at 48 hr. Since raffinose and sucrose are im-
mediate hydrolysis products of stacnyose and raffinose, respectively, conceivably raffinose and 
sucrose are used and regenerated simultaneously during germination. The operation of such 
a metabolic system is made possible by the presence of ,B-galactosidase in germinating soybean 
(Pazur et al., 1962). The significant increases in stachyose, raffinose, and sucrose observed at 
18 hr could be attributed to their de nova synthesis. Duperon (1964) and Wahab and Burris 
(1972) demonstrated such synthesis of oligosaccharides in leguminous seeds from exogenously 
administered 1 4 C-glucose. The occurrence of appropriate enzymes and cofactors for the con-
version of free glucose and fructose to oligosaccharides has been reported in several other seed 
species during germination Bourne et al., 1965; Lehle et al., 1970; Pridham and Hassid, 1965; 
Shiroya, 1963; Tanner and Kandler, 1968). The variable levels of melibiose observed in the 
cotyledons might have been due to invertase hydrolysis of raffinose. Melibiose thus formed 
might have been subjected to ,B-galactosidase hydrolysis to yield galactose and glucose. The 
complete absence of free galactose in the soybean seedling could be caused by its conversion 
into cell wall polysaccharides (Altermatt and Neish, 1956; Ordin and Bonner, 1957; Roberts 
and Butt, 1969 ; Thimann et al., 1958). 
The dry weight loss of the embryonic axis (400 µg/embryonic axis) and the TC loss at 
12 hr suggest the onset of germination (Mayer and Poljakoff-1V1ayber, 1966). These data also 
suggest that the embryonic axis becomes physiologically active earlier than the cotyledons. 
We have reported previously (Wahab and Burris, 1971) that embryonic axis of soybean re-
Table 1. Distances traveled by reference sugars and their mobilities relative to D-fructose 
(RF), obtained by chromatographing a mixture of pure sugars by multiple-ascent 
paper chromatography. 
Reference Sugar Distance Traveled RF from Origin (cm) 
D-Fructose 22.30 1 
D-Glucose 19.90 0.89 
Sucrose 15.40 0.68 
Maltose 11.20 0.51 
Melibiose 8.80 0.40 
Raffinose 5.50 0.25 
Stachyose 1.00 0.05 
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Table 2. Changes in carbohydrate levels of germinating soybean cotelydons. Results are 
expressed in mg carbohydrate/50 pairs of cotyledons. 
Hours 
of 
germination Stachyose Raffinose Sucrose Glucose Fructose TC 
0 158.89 35.57 447.29 4.60 3.87 658.78 
6 132.11 27.18 289.41 5.31 2.67 612.56 
12 120.16 16.80 319.30 7.46 3.41 574.65 
18 155.63 35.86 377.29 10 51 9.50 599.95 
24 134.02 27.48 354.29 10.55 3.86 543.58 
30 76.36 18.69 425.03 9.42 9.14 485.76 
36 64.36 15.36 323.65 4.81 3.81 439.95 
42 40.00 11.46 282.03 6.74 11.08 328.30 
48 26.50 11.30 192.86 6.39 4.11 323.64 
54 18.44 9.26 160.13 7.56 3.91 229.91 
60 17.94 7.35 117.62 5.10 8.20 177.90 
66 9.81 5.38 87.78 6.74 5.63 131.13 
72 9.44 3.53 69.15 6.06 4.02 115.25 
78 8.19 5.40 64.59 7.92 4.65 120.93 
84 9.16 5.71 64.77 9.26 6.52 106.38 
90 6.87 3.31 65.37 7.66 5.07 119.39 
96 4.58 58.35 9.00 6.93 107.31 
120 8.17 88.18 7.21 19.83 143.26 
144 47.99 10.78 10.36 97.23 
168 39.20 6.91 15.90 89.45 
192 28.43 6.69 15.71 75.61 
so.05a 25.73 7.54 73.41 5.47 6.98 97.58 
aCritical value at p = 0.05 which must be exceeded for means within a column to be signifi-
cantly different. 
TC: Total 80% ethanol soluble carbohydrates. 
spired 7 and 12 times faster than cotyledons at 12 and 24 hr following imbibition. Also, 
carbohydrates in the embryonic axis are predominantly reducing, whereas in the cotyledonary 
tissues they are mostly nonreducing. This situation may be attributed to the demand for 
readily utilizable substrates such as fructose and glucose by the heterotrophic seedling. 
Germination from 66 through 192 hours. 
The TC levels of the hypocotyl, apical meristem, and radicle (Fig. 5, ~' and _7 ), were 
highly correlated with the loss in TC of the cotyledons. This indicates that total sugars are 
rapidly transferred from the cotyledons to the anabolic organs for growth processes. Levels 
of TC in the hypocotyl exceeded those of the cotyledon from 66 through 192 hr. Glucose 
and fructose constituted the largest portion of these sugars, with levels ranging from 78 to 
100% of the TC in the hypocotyl. Also, the molar concentrations of fructose and glucose 
were 10 times greater in the hypocotyl than in the cotyledon. ·These results are consistent 
with those in the embryonic axis in that soluble sugars are present mainly in their reducing 
form in rapidly developing tissues. As germination progressed, stachyose and raffinose were 
not detected in the cotyledons. These oligosaccharides. were detected in the embryonic axis 
to a limited extent; their presence might have been due to their initial levels in these tissues 
at 0 hr. 
Throughout the experiment sucrose was the most abundant sugar in the cotyledons. This 
may be indicative of the importance of sucrose in maintaining a desirable osmotic potential 
within the cotyledons. Also, more negative free energy is conserved in the sucrose molecule 
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than in the constituent hexose moieties. A marked increase in TC and a parallel increase in 
reducing sugars were observed in the apical meristem as this organ developed. This was ac-
companied by a corresponding decrease in the level of reducing sugars within the hypocotyl 
and a noticeable increase in the level of total and nonreducing carbohydrates within the 
cotyledons at 120 hr. Thus, as the apical meristem developed, an immediate demand was 
placed on the hypocotyl for metabolic substrates. Furthermore, the hypocotyl was function-
ing essentially as an energy source at this time rather than as an energy sink. 
The radicle increased steadily in dry weight (Fig. 3), but at a slower rate compared with 
that of the hypocotyl and apical meristem. The carbohydrate levels of the radicle remained 
relatively constant from 66 through 192 hr; and, as for the hypocotyl and apical meristem, 
glucose and fructose constituted the major portion of these sugars. However, fructose levels 
were consistently greater than glucose levels. Similarresults were reported by.l\lf..aclachlan et al. 
(1970) who observed that the distribution of invertase activity in the pea epicotyl was parallel 
to that of glucose, and that sucrose synthesase was most active in regions of the epicotyl 
where fructose and sucrose were concentrated. The greater amount of sugars in the aerial 
tissues (hypocotyl, epicotyl, unifoliate leaves, and shoot apex) and the greater dry-matter 
content of these organs relative to the roots suggest that the aerial tissues impose a higher 
demand for energy reserves from the cotyledons than do the roots. 
Results of the water content, ·dry-matter, and carbohydrate levels of the entire seedling 
support the hypothesis that studies based on the whole seed/seedling obscure the changes oc-
curring in the embryo or embryonic parts. Tissues of the hypocotyl contained 40% of the 
TC, 60% of the water, and 66% of the dry-matter of the whole seedling at 192 hr. The dry 
matter content of the hypocotyl was inversely proportional to that of the cotyledon from 
66 through 192 hr, and these two organs contained essentially the same amount of dry 
matter at 192 hr. The dry matter data (Fig. 3) indicate a 63% decrease in cotyledonary dry 
weight from 0 through 192 hr. But, 80% of this loss was accounted for by the increase in dry 
weight of the embryonic parts at 192 hr. The changes in different kinds of sugars favor a 
hypothesis that oligosaccharides are pre-existing in seeds and also are synthesized de nova 
during germination. Proof of this hypothesis however, must await demonstration of such 
oligosaccharides in germinating soybean seeds after administration of radioactive hexoses. 
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METABOLISM OF MONO- AND OLIGOSACCHARIDES 
AND GROWTH STUDIES IN GERMINATING SOYBEAN SEEDS 
GLYCINE MAX (L.) MERRILL II. FATE OF14 C-SUGARS AFTER 
UPTAKE BY COTYLEDONS1 
A. H. Wahab 2 and J. S. Burris 3 
ABSI'RACT. Half-cotyledons with embryo axis of imbibed soybeans were exposed to uni-
formly labeled 1 4 C-fructose, 1 4 C-galactose, 1 4 C~glucose , and 14 C-sucrose for 2 hours to 
determine the fates of these sugars in the seedling. 
1 4 C-sucrose was the predominant sugar of the cotyledons after these organs were exposed 
to the radioactive sugars; also present were radioactive raffinose, stachyose, and other uni-
dentifiable sugars. The level of radioactivity within the embryonic 9Xis was extremely low 
immediately after exposure of cotyledons to 1 4 C-sugars. However, 48 hours later, the 
1 4 C-activities of the cotyledons and seedling parts were approximately equal. 1 4 C-galactose 
could not be detected in the seedling immediately after exposure of the cotyledons to this 
sugar, nor thereafter at 24 and 48 hours. 
The results indicate that at early germination stages 1 4 C-oligosaccharides can be synthe-
sized de novo in cotyledonary tissues from exogenously administered 1 4 C-precursors. It can 
also be inferred that the ethanol soluble carbohydrates that accumulate in the seedling parts 
during germination are derived from the cotyledons. 
INTRODUCTION 
The previous paper in this series (Wahab and Burris, 1975) described the carbohydrate 
metabolism in the germinating soybean seed and seedling. Levels of raffinose, stachyoze, and 
sucrose decreased markedly after imbibition, after which these sugars increased to their initial 
levels, then decreased to minute amounts in the seedling. This observation favors a hypothesis 
that oligosaccharides, once having been depleted in the cotyledons during germination can be 
synthesized de novo from suitable precursors. If this is true, it should be possible to demon-
strate the presence of radioactive oligosaccharides in the germinating soybean seed after the 
uptake of 1 4 C-precursors. The objective of this research was to determine the fates of 
1 4 C-fructose, 1 4 C-galactose, 1 4 C-glucose, and 14 C-sucrose in the germinating soybean seed. 
Studies were based on the following two main considerations: (1) If sugars are taken up by 
the cotyledons, they may serve as respiratory substrates. (2) Sugars entering the cotyledons 
may be transferred to the embryonic axis as they are, or they may undergo interconversion. 
MATERIALS AND METHODS 
Uniformly sized soybean seeds Glycine max (L.) Merrill of 'Corsoy' cultivar were allowed 
to imbibe at 28 C for 12 to 18 hr. After this, seed coats were removed from 150 seeds and 
seeds were severed at the distal end (end farthest from the micropyle ). Seeds then were ori-
ented vertically in petri dishes containing uniformly labeled solutions of 1 4 C-fructose (1.35 x 
1 Journal Paper No. J-7341 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa 50010. Project 1889. 
2 Formerly graduate assistant, Department of Botany and Plant Pathology, Iowa State Uni-
versity, Ames, Iowa 50010. 
3 Associate Professor, Department of Botany and Plant Pathology, Iowa State University, 
Ames, Iowa 50010. 
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106 cpm/mM), 14 C-glucose (3.30 x 105 cpm/mM), 14 C-galactose (3. 74 x 105 cpm/mM) and 
1 4 C-sucrose (3.60 x 105 cpm/mM). The levels of sugar solutions in the petri dishes were ad-
justed so that there was no contact between the solution and the embryonic axis of each seed. 
Petri dishes were enclosed in a sealed plastic box and incubated for 2 hr at 28 C. Uptake and 
subsequent utilization of the 1 4 C-sugars were ascertained by a C02 filter paper trap. 
After the 2-hr incubation, seeds were blotted dry. Fifty seeds (2x25) were dissected 
into embryonic axes and cotyledons, and these tissues were frozen pending sugar extraction 
and chromatography. The remaining 100 seeds were planted on rolled paper towels as pre-
viously described by Wahab and Burris (1975). Seeds were allowed to grow for 24 and 48 hr 
in the dark at 28± 1 C. Seedlings grown for 24 hr after the exposure to 1 4 C-sugars were 
dissected into cotyledons and embryonic axes, and those grown for 48 hr were dissected 
into cotyledons, hypocotyls and radicles. 
Carbohydrate Extraction and Chromatography. 
Carbohydrates were extracted and resolved according to the procedure described earlier 
by Wahab and Burris (1975). Chromatograms were not developed, but were made into 
radioautograms. Properly irrigated chromatographic paper was exposed to Kodak No-screen, 
medical X-ray film NS-54T for 30 days in the dark. Films were then developed in liquid 
X-ray developer. 
Determination of Radioactivity. 
Radioactivity of paper sections from a chromatogram was measured in a Beckman DPM 
10 liquid Scintillation Spectrometer. The counting efficiency was 87% as measured by in-
cluding internal standards of 1 4 C-toluene in selected vials. The liquid scintillation system 
used was lOg PPO and 0.6g PO POP in 2 liters of toluene. Paper sections containing the com-
pound whose radioactivity was to be determined were rolled into a cylindrical shape to con-
form to the inner surface of a counting vial. Scintillation fluid was added to a volume of 
15 ml, and vials were placed in the scintillation spectrometer for counting. Radioactivity of 
the labeled sugar solutions and the ethanolic sugar extracts was determined by spotting 10µ1 
samples in duplicate on a filter paper. After drying, the filter paper was placed in a counting 
vial, scintillation fluid was added, and radioactivity was determined. 
RESULTS 
1 4 C-Activity from Respired 1 4 C02 • 
Table 1 shows the activities of 1 4 C derived from 14 C02 during the 2-hr incubation 
period. These results demonstrate that each administered sugar was incorporated into the 
seedling tissues and utilized as respiratory substrates during the incubation. The substantially 
higher 1 4 C-activity recorded for fructose is to be expected because this hexose was adminis-
tered at a fourfold greater specific activity than the other sugars. 
Table 1. Total 1 4 C-Radioactivity of filter papers placed in close proximity to seeds during 
their 2-hr ·exposure to 1 4 C-sugars. 
14 C-Sugar 
Fructose 
Galactose 
Glucose 
Sucrose 
Total activity ( cpm x 10-'3 ) 
182.48 
82.25 
58.15 
31.08 
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1 4 C-Activity in Ethanolic Extract. 
The total amount of 1 4 C-activity of the ethanolic extracts from the various seedling 
organs immediately after the 2-hr incubation and thereafter at 24 and 48 hr is presented in 
Table 2. Radioactivity decreased in the cotyledons and increased in the embryonic parts after 
the exposure period for each 1 4 C-sugar. 
Table 2. The distribution of radioactivity (cpm x 10-4 ) in ethanolic extracts of various 
seedling organs immediately after 2-hr-pause exposure to 1 4 C-sugars and after 24 
and 48 hours incubation at 28 C. 
Time after 
exposure 
(hrs) 
0 
24 
48 
14 C-Sugar 
Fructose 
Glucose 
Galactose 
Sucrose 
Fructose 
Glucose 
Galactose 
Sucrose 
Fructose 
Glucose 
Galactose 
Sucrose 
Cotyledon 
168.81 
107.54 
84.06 
54.67 
107.41 
55.02 
57.17 
35.78 
34.85 
25.31 
6.74 
17.56 
Embryonic 
axis Hypocotyl Radicle Total 
3.84 172.64 
2.46 110.01 
2.23 86.30 
2.60 57.27 
29.72 137.13 
17.92 72.94 
16.43 73.60 
9.39 45.17 
33.80 14.92 83.57 
15.70 6.33 47.33 
19.11 8.55 34.40 
11.59 4.60 33.75 
1 Only at 48 hours after exposure could the embryonic axis be dissected into hypocotyl 
and radicle. 
Fate of Fructose-U-14 C. 
This sugar was almost entirely converted to 1 4 C-sucrose in the cotyledons immediately 
after exposure and thereafter at 24 and 48 hr (Table 3). 1 4 C-Stachyose and polymers 
(immobile fraction), which did not migrate on the chromatography paper after three ascents, 
also were observed immediately after exposure and thereafter at 24 and 48 hr. An unidenti-
fiable compound (compound A), which appeared as a dark spot and migrated faster than 
stachyose but slower than raffinose, was noticed immediately after seeds were exposed to 
fructose-U-14 C. This compound had a mobility relative to fructose (RF) of 0.16. Two other 
compounds were located on the chromatogram of a cotyledonary extract immediately after 
exposure and thereafter at 24 and 48 hr. These compounds, referred to as B and C, are 
characterized by relative RF values and 1.18, to that of fructose respectively. 
The data in Table 4 demonstrate that 1 4 C from 1 4 C-fructose was translocated from the 
cotyledonary tissues to those of the embryonic axis of the soybean seedling during exposure. 
The rate of transfer of 1 4 C to the growing parts of the seedling increased with time. As in the 
cotyledons, the embryonic axis contained 85% of its total 1 4 C in the form of 1 4 C-sucrose 
immediately after exposure of the cotyledons to 1 4 C-fructose. Polymers located at the origin 
(immobile fraction) and stachyose also were detected. The total 1 4 C-activity of the ethanolic 
extract from the embryonic axes had increased 7- and 12-fold 24 and 48 hr after exposure, 
respectively. 
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Table 3. Radioactivity of 1 4 C-sugars in cotyledons ( cpm x 10-3 ) and the percentage distri-
bution of these sugars determined immediately after 2-hr-exposure to fructose-
U-14 C (0.05 M) and after 24 and 48 hours incubation at 28 C. 
Time (hr) following exposure 
0 24 48 
cpm % cpm % cpm % 
Immobile 
fraction 101.00 6.29 28.30 2.31 33.09 12.88 
Stachyose 53.00 3.31 23.15 2.38 NDC 
Compound A 37.44 2.35 NDC NDC 
Raffinose NDC1 18.00 1.85 NDC 
Sucrose 1382.51 86.27 864.91 88.85 195.59 76.85 
Glucose NDC NDC NDC 
Fructose NDC NDC NDC 
Compounds B & C 28.22 1.77 39.09 4.02 26.74 10.28 
1 Not detectable on chromatogram. 
A chromatogram of the 1 4 C-sugars in the embryonic axes at 24 hr after exposure re-
vealed the presence of polymers (immobile fraction) and other compounds with RF values 
similar to those of stachyose, raffinose, sucrose, glucose, fructose , and compounds Band C. 
The 1 4 C-activities· of raffinose and stachyose were similar , as were those of compounds B and 
C. The immobile fraction constituted 2.43% of the total 1 4 C-activity of all the resolvable 
compounds in the ethanol extract of the embryonic axis 24 hr after exposure to fructose-
U-1 4 C. The total 1 4 C-activity of the hypocotyl exceeded that of the radicle by a factor of 
2.25. Fructose was the predominant sugar in the hypocotyl and exceeded the levels of 
glucose, sucrose, and raffinose. Fructose, glucose, sucrose, and raffinose were present in the 
radicle in esserytially the same amount; together, they constituted 70% of the total 14 C-sugars 
in this organ. · Compound B was the predominant sugar in the radicle, and polymers larger 
than stachyose were also found in this organ 48 hr after exposure of cotyledons to fructose-
U-14 C. These compounds accounted· for 22 and 100%, respectively, of the total 14 C-sugars 
of the radicle. 
Table 4. Radioactivity of 1 4 C-sugars in seedling organs ( cpm x 10-3 ) and the percentage 
distribution of these sugars determined immediately after 3-hr-exposure to 1 4 C-U-
fructose (0.05 M) and after 24 and 48 hours incubation at 28° C. 
Tim~ (hr) following exposure 
0 24 48 
Emb!Yonic axes Hypocotyl Radicle 
cpm % cpm % cpm % cpm % 
Immobile 
fraction 2.93 7.10 5.96 2.43 14.65 5.10 8.95 9.72 
Stachyose 2.70 7.75 18.54 7.18 NDC1 NDC 
Raffinose NDC 20.18 8.14 36.55 12.65 17.23 18.78 
Sucrose 30.89 85.14 63.32 25.69 70.73 24.47 14.63 16.00 
Glucose NDC 43.20 17.35 64.48 22.31 15.76 17.12 
Fructose NDC 79.36 32.00 78.31 27.10 15.03 16.38 
Compound B NDC 9.46 3.83 24.26 8.38 20.37 22.20 
Compound C NDC 7.80 3.15 NDC NDC 
1 Not detectable on chromatogram. 
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The translocation of 1 4 C-labeled sugars from the cotyledons to the growing seedling 
organs is shown in Table 5. Virtually all the 14 C-activity taken up by the cotyledons during 
exposure to fructose-U- 1 4 C remained in these organs. However, at 24 and 48 hr after ex-
posure the cotyledons accounted for 78 and 42%, respectively, of the total ethanol soluble 
1 4 C in the seedling. The marked increase of 1 4 C in the embryonic axis from 2 to 22% at 0 
and 24 hr after exposure, respectively, demonstrates that 1 4 C was rapidly translocated from 
the cotyledons to the growing tissues. At 48 hr after exposure to 14 C-fructose, the hypocotyl 
and radicle accounted for 58% of the total ethanol-soluble 1 4 C-activity in the entire seedling. 
Table 5. Distribution of 1 4 C-activity among seedling organs at 0, 24, and 48 hr after 2-hr-
exposure of cotyledons to 0.05 M solutions of fructose-U- 14 C, glucose-U-1 4 C, 
galactose-U-1 4 C, and sucrose-U-14 C. 
14 C-sugar Time Cotyledon Embryonic Hypocotyl Radicle 
(hr) % axis % % % 
Fructose 0 97.78 2.22 
24 78.37 21.67 
48 41.62 40.52 17.86 
Glucose 0 97.76 2.24 
24 75.47 24.54 
48 53.28 33.30 13.42 
Galactose 0 97.34 2.66 
24 79.14 20.86 
48 18.00 55.60 26.10 
Sucrose 0 95.45 4.55 
24 79.17 20.84 
48 52.07 34.41 13.63 
1 Only at 48 hr after exposure could the embryonic axis be dissected into hypocotyl 
and radicle. 
Fate of Glucose-U-14 C. 
Table 6 shows the uptake and interconversion of glucose-U- 14 C by cotyledons im-
mediately after exposure and thereafter at 24 and 48 hr. No 1 4 C-hexoses could be detected 
in the cotyledons immediately after exposure or during the ensuing 48 hr. 1 4 C-sucrose was 
the predominant labeled sugar in the cotyledons throughout the experiment and accounted 
for 82, 90, and 86% of the total 1 4 C-sugars at 0, 24, and 48 hr after exposure, respectively. 
Polymers (immobile fraction), stachyose, and compounds A, B,. and C also were present in 
the cotyledons immediately after exposure of these organs to 1 4 C-glucose. 
The 1 4 C-activity of the immobile fraction increased at 24 and 48 hr after exposure. 
Compound A persisted in the cotyledon.ary tissues for 24 hr after exposure. Stachyose and 
compound C could not be detected at 24 and 48 hr, but raffinose was present in the cotyle-
donary tissues 24 hr after exposure. The only 14 C-sugars observed in the cotyledonary tis-
sues 48 hr after exposure of these tissues to glucose-U- 1 4 C were the immobile fraction, sucrose, 
and compound B. . 
The 1 4 C-sugars of the embryonic axis, hypocotyl, and radicle and their relative distribu-
tions in these organs after exposure of cotyledons to glucose-U-14 C are presented in Table 7. 
1 4 C-sucrose constituted 60 to 36% of the total 1 4 C-sugars in the embryonic axes immediately 
after exposure and at 24 hr. 14 C-glucose was present in the embryonic axes at 0 and 24 hr 
and accounted for 18 and 1 7% of the total labeled sugars in these tissues, respectively. 
Compound A was the only other sugar present in the embryonic axes at 0 hr after exposure 
but it was not detected in these tissues 24 hr later. Radioactive stachyose, sucrose, raffinose, 
glucose, and fructose were present at 48 hr, and 1 4 C-sucrose was the prevalent sugar. At 48 
hr the hypocotyl contained 14 C-stachyose, raffinose, sucrose, glucose, fructose, compound C, 
and an immobile fraction. These sugars also were present in the radicle at 48 hr, but their 
1 4 C-activities were lower than in the hypocotyl. 
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Table 6. Radioactivity of 1 4 C-sugars of cotyledons ( cpm x 10-3 ) and the percentage distri-
bution of these sugars determined immediately after 2-hr-exposure to glucose-U-
14 C (0.05 M) and after 24 and 48 hours incubation at 28°C. 
Time (hr) following exposure 
0 24 48 
cpm % cpm % cpm % 
Immobile 
fraction 65.06 5.97 13.25 2.42 14.35 7.10 
Stachyose 46.61 4.29 NDC 1 NDC 
Compound A 21.70 2.00 22.28 4.05 NDC 
Raffinose NDC 10.36 1.88 NDC 
Sucrose 889.04 82.09 493.21 89.84 174.23 86.38 
Glucose NDC NDC NDC 
Fructose NDC NDC NDC 
Compound B 32.55 3.00 9.95 1.81 13.53 6.54 
Compound C 28.96 2.65 NDC 
1 Not detectable on chromatogram. 
Table 7. Radioactivity of 1 4 C-sugars of seedling organs ( cpm x 10-3 ) and the percentage 
distribution of these sugars determined immediately after 2-hr-exposure to 14 C-U-
glucose (0.05 M) and after 24 and 48 hours incubation at 28°C. 
Time (hr) following exposure. 
0 24 48 
Embryonic axes Hypocotyl Radicle 
cpm % cpm % cpm % cpm % 
Immobile 
fraction NDC1 NDC 6.94 5.11 4.19 6.11 
Stachyose NDC 8.82 5.95 6.64 4.87 3.75 7.96 
Compound A 3.46 15.61 NDC NDC NDC 
Raffinose NDC 19.08 12.93 10.95 7.80 8.78 18.63 
Sucrose 13.38 60.44 51.91 35.45 36.99 26.94 12.30 26.09 
Glucose 4.01 17.94 24.72 16.79 26.54 19.38 5.03 10,66 
Fructose NDC 42.41 28.90 37.76 27.48 6.78 14.39 
Compound C NDC NDC 11.58 8.44 6.31 13.38 
1 Not detectable on chromatogram. 
As shown in Table 5, total 1 4 C-sugars in the cotyledons decreased by approximately 
50% 48 hr after these tissues were exposed to glucose-U- 1 4 C. At the same time, the hypo-
cotyl and radicle accounted for 33 and 13%, respectively, of 1 4 C-sugars in the whole seedling. 
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Fate of Galactose-U-14 C. 
The 1 4 C-carbohydrates in the cotyledons subsequent to their exposure to galactose-U-
1 4 C, are presented in Table 8. 14 C-sucrose constituted more than 80% of the total 14 C-sugars 
immediately after exposure and thereafter at 24 and 48 hr. Other 14 C-sugars detected in the 
cotyledons immediately following exposure were stachyose, raffinose, compounds A, B, and C, 
and an immobile fraction. Stachyose and compounds A and C were not observed 24 hr after 
exposure, and compound A was the only other 1 4 C-sugar present with sucrose at 48 hr. 
Table 8. Radioactivity of 1 4 C-sugars of cotyledons ( cpm x 10-3 ) and the percentage distri-
bution of these sugars determined immediately after 2-hr-exposure to galactose-U-
1 4 C (0.05 M) and after 24 and 48 hours incubation at 28° C. 
0 
cpm % 
Immobile 
fraction 46.20 5.03 
Stachyose 36.11 3.96 
Compound A 24.79 2.90 
Raffinose 21.21 2.29 
Sucrose 692.03 82.16 
Compound B 11.43 1.22 
Compound C 17.35 1.98 
1 Not detectable on chromatogram. 
Time (hr) following exposure 
24 
cpm % cpm 
21.28 3.96 NDC 
NDC1 NDC 
NDC NDC 
50.65 9.57 NDC 
441.95 83.16 45.43 
17.57 3.30 4.12 
NDC NDC 
48 
% 
91.27 
8.73 
The 1 4 C-carbohydrates and their percentage distributions in the embryonic axis, hypo-
cotyl, and radicle are presented in Table 9. 14 C-sucrose was the sole sugar found in the em-
bryonic axes immediately after exposure of the cotyledons to galactose-U-1 4 C. It was present 
in the embryonic axes 24 hr later in substantial amount. At this time, polymers (immobile 
fraction), raffinose, glucose, fructose, and compound B were also present. Raffinose and 
fructose contained the highest 14 C-activities, followed by sucrose, glucose, compound B, and 
the immobile fraction. 
Table 9. Radioactivity of 1 4 C-sugars of seedling organs ( cpm x 10-3 ) and the percentage 
distribution of these sugars determined immediately after 2-hr-exposure to galac-
tose-U-1 4 C (0.05 M) and after 24 and 48 hours incubation at 28° C. 
Time (hr) following exposure 
0 24 48 
Embryonic axes Hypocotyl Radicle 
cpm % cpm % cpm % cpm % 
Immobile 
fraction NDC1 6.43 4.28 5.08 3.07 3.59 6.12 
Stachyose NDC NDC 31.76 19.13 20.19 34.41 
Raffinose NDC 38.90 26.01 NDC 
Sucrose 19.42 100 34.16 22.78 38.87 23.31 12.18 20.62 
Glucose NDC 22.91 15.33 36.38 21.83 5.90 9.83 
Fructose NDC 40.05 26.77 43.87 26.36 7.73 13.09 
Compound B NDC 7.28 4.85 10.47 6.31 9.30 15.95 
1 Not detectable on chromatogram. 
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The hypocotyl contained nearly equal amounts of 1 4 C-fructose, glucose, and sucrose at 
48 hr. Also present were an immobile fraction, stachyose , and compound B, which together 
accounted for 29% of the total 1 4 C-sugars. The radicle contained the bulk of its 1 4 C-carbo-
hydrates in the form of stachyose. The other 14 C-sugars present were sucrose, fructose, 
compound B, glucose, and an immobile fraction. 
Table 5 summarizes the rats of transfer of 1 4 C (from galactose-U-1 4 C) from the cotyle-
dons to the seedling parts. 
Fate of Sucrose-U-1 4 C. 
The 1 4 C-carbohydrates found in the cotyledons immediately after these organs were 
exposed to 14 C-sucrose were sucrose, raffinose, and stachyose (Table 10). The only other 
1 4 C-sugar besides sucrose at 24 hr after exposure was compound C. The 1 4 C-carbohydrates 
present in the cotyledons 48 hr after the exposure were sucrose, stachyose, glucose, fructose, 
and compound C. 
Table 10. Radioactivity of 14 C-sugars of cotyledons (cpm x 10-3 ) and the percentage distri-
bution of these sugars determined immediately after 2-hr-exposure to sucrose-U-1 4 C 
(0.05 M) and after 24 and 48 hours incubation at 28° C. 
Time (hr) following exposure 
0 24 8 
cpm % cpm % cpm % 
Stachyose 23.83 4.55 NDC1 8.14 4.89 
Raffinose 31.27 5.98 NDC NDC 
Sucrose 467.88 89.46 280.83 97.20 133.68 81.43 
Glucose NDC NDC 3.70 2.21 
Fructose NDC NDC 10.77 6.10 
Compound C NDC 8.25 2.81 11.17 6.84 
1 Not detectable on chromatogram. 
The I 4 C-sugars present in the embryonic axis, hypocotyl, and radicle immediately after 
exposure of cotyledons to sucrose-U-1 4 C and thereafter at 24 and 48 hr are given in Table 11. 
Sucrose was the only 14 C-sugar in the embryonic axis at 0 hr. However, at 24 and 48 hr, the 
1 4 C-sugars present in all the seedling parts, excluding the cotyledons, were fructose, glucose, 
sucrose, and compound C. 
Table 5, summarizes the rate of transfer of 1 4 C (derived from sucrose-U-14 C) from the 
cotyledons to the embryonic axis, hypocotyl, and radicle. 
Table 11. Radioactivity of 1 4 C-sugars of seedling organs ( cpm x 10-3 ) and the percentage 
distribution of these sugars determined immediately after 2-hr-exposure to sucrose-
U-14C (0.05 M) and after 24 and 48 hours incubation at 28°C. 
Time (hr) following exposure 
0 24 48 
Embryonic axes Hypocotyl Radicle 
CQm % CQm % CQm % CQm % 
Sucrose 24.94 100 23.61 34.69 28.41 33.40 6.93 34.22 
Glucose NDC1 13.66 20.10 22.16 26.10 3.88 18.91 
Fructose NDC 24.86 36.62 26.05 30.83 4.55 22.03 
Compound C NDC 5.80 8.60 8.59 9.68 5.16 24.85 
1 Not detectable on chromatogram. 
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DISCUSSION 
The data presented in Table 1 indicate that fructose, glucose, and galactose are preferred 
over sucrose as respiratory substrates and that more 1 4 C-galactose is consumed in respiration 
than are the other 14 C-sugars. Similar results were reported by Burstrom (1948), who postu-
lated that galactose is mainly consumed in respiration instead of being utilized for synthetic 
purposes by wheat root tips. The data presented in Table 2 demonstrate that, during the 
exposure period, 1 4 C-sugars were taken up by the cotyledons and were translocated either 
intact or after interconversion to the embryonic axes. 
Although the specific activity of 1 4 C-sucrose was essentially the same as those of 1 4 C-
glucose and 1 4 C-galactose, sucrose was absorbed the least by the cotyledons during the 
exposure period. This is in variance with the results of Kriedemann and Beevers (1967). who 
reported that 14 C-sucrose uptake exceeded those of 1 4 C-glucose and 1 4 C-fructose by cotyle-
dons of castor bean seedling. However, l\·'1"aclachlan et al. (1970) reported that 14 C-sucrose 
was neither absorbed nor metabolized by pea epicotyl sections more rapidly than either 
hexose. 
Although the amount of ethanol soluble 1 4 C within the embryonic organs increased 
after exposure, there was a steady decline in the amount of total ethanol-soluble 1 4 C-activity 
in the entire seedling. This decrease in radioactivity of the ethanolic extract may be attributed 
to loss of 1 4 C as 1 4 C02 via respiration and to the incorporation of 1 4 C into ethanol-insoluble 
compounds (Abdul-Bald, 1967; Larson and Beevers, 1965; Ordin and Bonner, 1957;Roberts 
and Butt, 1969 ; Thimann et al., 1958). The fates of the 14 C-labeled sugars after exposure of 
cotyledons (Tables 2 through 11) indicate that sucrose is the preferred form of carbohydrate 
storage in the cotyledons of soybeans. In a previous paper (1975 ), we reported a prevalence 
of sucrose in the germinating soybean cotyledon. The presence also of 1 4 C-raffinose, stachy-
ose, and higher-molecular-weight compounds (immobile fraction) in the cotyledonary tissues 
after exposure to 1 4 C-glucose, 1 4 C-galactose, 1 4 C-fructose, 1 4 C-sucrose supports the hy-
pothesis that these sugars serve as precursors for the de novo synthesis of oligosaccharides in 
germinating soybeans. Several investigators studying the fates of 1 4 C-sugars in plants reported 
the conversion of 14 C-glucose, galactose, fructose, and sucrose_into hexose monophosphates, 
UDP-glucose, su.crose, hemicellulose, myoinositol, cell wall polysaccharides, amino acids, 
organic acids, and other unidentifiable compounds (Abdul-Baki, 1967; Edelman, Shibko, and 
Keys, 1959; Hassid, Putnam, and Ginsburg, 1956; Kriedemann and Beevers, 1967; Larson and 
Beevers, 1965 ; Matheson and St. Clair, 1971 ; Mertz and Nordin, 1971). These workers con-
cur that soon after exposure of plant and seedling tissues to 1 4 C-hexoses, there is a decrease 
in the amount of radioactivity in these sugars and a corresponding increase in radioactivity of 
compounds derived from these sugars. 
Verbascose can be formed by the addition of galactose to the ;terminal galactosyl moiety 
of stachyose at the six carbon position. Hence, we speculate that the immobile fraction seen 
on chromatograms of 1 4 C-ethanolic extracts could be verbascose. It also is possible that the 
immobile fraction might consist of oligosaccharides, such as maltotriose or maltotetraose, 
both of which have been shown to be synthesized in germinating green gram seeds (Nigam and 
Giri, 1960). Compound A (RF=0.16) which also was noticed on chromatograms of 1 4 C-
ethanolic extracts, could conceivably be a hydrolysis product of stachyose called manninotri-
ose. It is formed by invertase hydrolysis of stachyose (French, 1954) and migrates slightly 
faster than stachyose on a paper chromatogram (Wild and French, 1952). The unidentifiable 
compounds (B and C) might be intermediates of the glycolytic pathway or Kreb's cycle, such 
as triose phosphate or organic acids. 
One common feature of these results (Tables 2 through 11) is that, within any one 
seedling organ, the three supplied hexoses were equally available for uptake and conversion to 
other products. In particular, the three hexoses were used equally for sucrose, raffinose, and 
stachyose synthesis and interconverted to approximately the same extent. 
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ABSORPTION OF TECHNOLOGY IN DEVELOPING COUNTRIES 1 
Norman C. Dah/ 2 
ABSTRACT. The following major topics are presented: (1) the concept of appropriate 
technology, (2) interrelation between product choice and technology, (3) influencing the 
choice of technology, ( 4) increasing the alternative choices, and (5) factors limiting absorp-
tion of technology. 
* * * * * 
The past two decades have resulted in much less economic and social progress in the 
less-developed countries (the so-called LDC's) than had been expected and hoped for. 
Perhaps characteristic of the United States was that expectations were greatest in the U.S. 
for LDC progress in response to major injections of financial aid and technical assistance. In 
the optimism of the post-World-War II years we believed that every problem had a solution; 
moreover, a solution which could be found in a relatively short time by massive application 
of money and technology. Only in the last few years have we come to recognize the intract-
able nature of some of our own internal problems. Just as we swing high in our optimism, we 
tend to swing low in our pessimism ; and the general U.S. attitude about the LDC's now seems 
to be that in addition to death and taxes other things, namely, present unemployment, mal-
distribution of income, and poverty of the LDC's, will always be with us. 
Many of us view this as unwarranted pessimism. We say that we should, first of all, 
recognize that there is no single "fix" for the problem of the LDC's. Indeed, there is no single 
problem; just as for the U.S., each LDC has a particular set of intersecting and conflicting 
problems, which are outgrowths of its own particular historical and resource endowments. 
Second, we should recognize that things other than Rome were not built in a day, that signifi-
cant changes in the LDC's are going to be measured in decades - in generations - and not in 
years. Third, we should examine the premises on which the LDC development programs of 
the past two decades have been based and attempt to find more effective ways for developing 
business. 
I am not going to attempt a broad examination of these premises, but shall restrict 
myself to only one aspect of development-the role of technology-and even in this restricted 
area I shall be able to touch on only some of the highlights. 
. I start with the assumption that the nature of technology is closely associated with the 
growing unemployment problem in the LDC's problem that is symptomized in open unem-
ployment, underemployment, maldistribution of income, and poverty. It is associated in 
what its presence or absence may contribute both as cause and as potential alleviator of this 
problem. Another major assumption is that technology is not a given parameter determined 
by forces outside economic and social control but is itself a socio-economic variable. 
In addition to these assumptions I will bound my discussion with some constraints based 
1 This paper draws heavily on a summary (prepared by the author, Charles R. Bailey, and 
Francis Stewart) of the discussion at an international Seminar on Technology and Employ-
ment in Developing Countries, held in New Delhi, India on March 21 to 24, 1973 under 
sponsorship of the Ford Foundation. This paper was presented at the Symposium on Tech-
nology, Modernization, and Cultural Impact, Iowa State University, Ames, Iowa, May 8 to 9, 
1974. 
2 Consultant, Educational and Technological Development, 40 Fern Street, Lexington, 
Massachusetts 02173. 
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on my experience in LDC's. First, I use the term technology to cover many aspects of the 
productive system outside the hardware of machinery and processes-that is, such factors as 
nature of products, administrative organization, banking mechanisms, managerial systems, 
etc. Though technology discussions usually are concerned largely with the hardware and the 
software directly associated with getting the hardware into effective use, one must be aware 
of the importance of a more extended definition, certainly of the kinds of influence that 
these aspects of the productive system have on the use of technology as usually defined. 
Second, I want to introduce the concept of appropriate technology. This is a term that has 
come into usage during the past few years as a result of the conviction that at least some of 
the technology, which has been introduced into LDC's, has been inappropriate insofar as 
supporting the announced social and economic goals of the LDC's. The exact dimensions of 
an appropriate technology are difficult to specify, but a general definition would describe it 
as one that makes efficient use of the local factors of production and management while con-
tributing effectively to the social goals of the country. While maintaining efficiency it would 
be associated with simple, low-income products, be more capital saving (or, as some put it, 
capital stretching), be more labor using (particularly unskilled labor) and make greater use of 
local resources of materials and labor as compared with advanced-country technology. By 
way of contrast, it often is easier to identify an inappropriate technology-for example, a 
process for making an ultrasoft toilet paper sold at high price and large profit to an affluent 
upper class consisting of 1% of the population. The important issues about appropriate tech-
nology relate to the means of creating and introducing it, rather than to seeking a precise 
characterization, which in any case will depend heavily on the particular situation in which 
the technology will be used. 
In thinking about technology one should recognize that the choice of product precedes, 
and in large part determines, choice of technology or technique. Product choice may be 
viewed in two ways-in terms of broad industrial category (such as food, housing, transport), 
or in terms of the detailed specification of the products produced within each of the broad 
categories. There is considerable choice of product within each category. The many different 
ways in which people are transported around New Delhi, for example, ranging from walking, 
horse and cart, three-wheeled taxis, bicycles, cars, etc., illustrates the point. The technology 
adopted depends (to a considerable extent) on the broad categories and on the specifications 
of the goods within these categories. Engineers agree that once exact specifications are laid 
down for any product the technology frequently is determined. But even here, for some pro-
ducts, exists a choice of technologies. For example, this has been demonstrated in instances 
of shoe and sugar manufacture by a University-of-Strathclyde study in Ghana and Ethiopia. 
One finding of this study was that a modern, capital-intensive, labor-saving sugar plant was 
chosen even though it would have been more profitable to erect an older design that em-
ployed both less capital and more people. The engineers evidently did not consider or 
examine any alternative to the modern plant. 
Three factors seem to be responsible mainly for product determination. First, income 
distribution affects both the broad industrial category (with the poor, for example, consuming 
more food and less manufactured goods as a proportion of income than the rich) and the 
ways in which broad needs are met. The types of goods consumed by richer consumers tend 
to be more sophisticated, higher standard, and more capital-intensive to produce than those 
consumed by the poor to meet similar needs. 
Second, the availability of products helps determine consumption patterns. Transfer of 
advanced country p'roducts, designed for relatively rich consumers, tends to create a market 
for such goods and to enhance an unequal income distribution, since only with an unequal 
income distribution, can a poor country generate demand for relatively expensive advanced 
country products. 
The third factor affecting product composition is the pattern of international trade. In-
sofar as advanced countries permit free entry of LDC manufactured goods, international trade 
tends to increase demand for labor-intensive categories of goods. However, within any cate-
gory, exports tend to require a more capital-intensive technology than do similar goods pro-
duced for domestic consumption because of the higher product standards required in export 
markets. Thus, it is a mistake to lump all LDC export markets together; in particular, a dis-
tinction needs to be made between tr!lditional handicraft exports and exports of "modern" 
manufacture. The latter require high standards and expensive technology. 
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The importance of international trade can be exaggerated. Priority should be given to 
examination of local needs and the technology (products and inethods of production) that 
could meet these needs. Expansion of local production of goods suitable for local consump-
tion itself creates the markets (by increasing local incomes at a relatively low level) for the 
low-income goods being produced. 
The problem is how to achieve this. It often is argued that the low-income mass market 
is not attractive to manufacturers, who find that this type of market presents marketing 
problems. Small-scale firms generally tend to sell to low-income markets, whereas large-scale 
firms sell to high-income markets. Small-scale entrepreneurs are suited to the production of 
local goods for the local market, not for the high standards required for the international 
market. The problem is one of circular causation. Entrepreneurs lack opportunities in sup-
plying the low income mass market, in part because of lack of purchasing power in this 
market, and in part because of lack of appropriate technology. Lack of purchasing power it-
self is caused by the lack of income-earning opportunities, in the absence of this entrepre-
neurial activity. 
Several suggestions have been made by which the circle might be broken. One is that 
appropriate technological developmental centers might survey local needs and develop tech-
nologies accordingly. These could then be sold to the potential entrepreneurs. Another sug-
gestion is that government expenditure could be directed at appropriate products produced 
on a small scale with more labor-intensive techniques. The certainties engendered by govern-
ment orders would help overcome entrepreneurial worries about marketing problems during 
the startup period. Though improved income distribution is a necessary aspect of the success 
of any appropriate technology policy, it would, in part, be a result (as well as, in part, a 
cause), since the income-earning opportunities generated by appropriate technology would 
improve income distribution. 
An essential aspect of any policy that starts with technological development is the 
extension aspect-taking the technology to the manufacturers, who will use it to sell products 
to consumers. In many instances this involves months of collaboration, with considerable 
product development and redesign in response to tlre manufacturer's needs and views. 
Experience with extension assistance to small-scale industry is limited; much needs to be 
learned about how to do this. 
While the product mix is a significant determinant of choice of technique, it is important 
to examine the determinants of choice of technology for any given product. Some believe 
that changing the choice of technique for given products might be easier to achieve than 
changing the product composition, since the latter depends on more complex socio-economic 
processes that might be outside the control of policy makers. The possibility of changing the 
choice of technique is critically dependent on the existence of a range of efficient techniques 
of various labor and capital intensities. 
What are the determinants of choice of technique, on the assumption of the existence of 
a range of efficient techniques? Several issues are involved. 
One of the more frequently cited determinants of choice is factor prices. Capital is 
generally underpriced in LDC's; labor is overpriced. The possibility of changing this situation 
has been explored by many. Labor subsidies to manufacturers to encourage more use of labor 
have been suggested. Such a proposal in Kenya has been rejected for administrative reasons. 
Although a labor subsidy had been successfully adopted in the United Kingdom, the admini-
strative problems there were believed to be completely different because of the complete 
coverage of the working force by the social security system. Thus, the example could not be 
imitated in most LDC's. 
The alternative of taxing capital, or at least removing some of the current subsidies, has 
been suggested. Though obviously desirable, no country, in fact, has ever taxed capital (apart 
from taxes on imported capital to protect domestic capital goods industries). Two reasons 
for the failure to tax capital are suggested. First, historically, investment subsidies have been 
introduced by LDC's to attract foreign investment and to encourage investment in inflationary 
conditions. Once established, vested interests in the continuation of the system become so 
powerful that it is almost impossible to reverse. Secondly, taxing capital is a policy which 
might make sense for a number of countries to pursue simultaneously, but not for a single 
country concerned in attracting foreign investment. 
Some argue that the Government should intervene directly in investment decisions. 
Others question whether the Government would make better microlevel investment decisions 
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than individual entrepreneurs and managers. However, for large decisions, some hold that a 
group of technicians might make better decisions. It has been pointed out that small (relatively) 
investment decisions present a problem. While techniques of social cost benefit analysis are 
fairly well worked out for major decisions, these are too complex to apply for small decisions. 
Some simple rules of thumb are required. 
The role of the engineer in choosing technology has been discussed. It has been suggested 
that engineers are believed to be "good" engineers if they reduce hand labor required and in-
crease capital intensity, which has been the outcome of both western society's desire to 
reduce the need for human labor and the growing shortage of labor with increasing physical 
production of goods and services. lVTost engineers choose out of readily available technologies 
and do not search for appropriate labor-intensive technologies. It is suggested that they are 
concerned with technical efficiency and quality considerations, not labor intensity. Much of 
the blame for the "inappropriate" engineers in LDC's has been placed on the training received 
overseas, which was designed to secure standards suitable for the advanced countries. The 
need to train and retrain engineers in more appropriate ways has not been given much empha-
sis. 
Scale is another issue relevant to the choice of technique, since in many instances the 
the viability of particular techniques depends on the scale of operations, with the larger-
scale activities being more capital intensive. One way of securing more labor-intensive 
techniques would be to ration credit so that only small-scale activities are possible. The 
present system of credit operates in the opposite direction, with the possibilities of raising 
finance increasing (and the price being reduced) as the scale of operations increases. 
Associated with scale is the nature of the production unit. Multinational corporations 
are at one end of the scale; family operations in the informal sector at the other. To the 
extent that credit and facilities are provided to the one and denied the other, the choice of 
technique will also be affected. Working-capital requirements often are neglected, despite the 
fact that they often exceed fixed capital in magnitude. It has been argued that family opera-
tions use less working capital than employer/employee operations. On the other hand, labor-
intensive operations generally require more working capital than do capital-intensive opera-
tions. Local firms in LDC's may require more working capital than multinational firms. 
One of the major problems is to increase the range of choice effectively available to 
entrepreneurs in LDC's. One aspect of this is the transfer of technology from creator to final 
user, both internationally and within LDC's. The transfer mechanisms are generally ac-
knowledged to operate in favor of capital-intensive technology, rather than for the transfer of 
labor-intensive technologies, which might be more appropriate in many instances. In addition, 
national and international sources of appropriate technology are few, and do not reach all 
potential users, especially small-scale operations in the rural and informal sectors. 
A distinction should be made among large-, medium-, and small-scale firms. Technology 
tends to come in packages of product, process, equipment, and operational procedures. 
With importation of a package the receiving country foregoes the opportunity to develop its 
abilities for disaggregating, integrating, and adapting different elements of technology into a 
country-specific package, and may add further to its stock of inappropriate technology. 
Multinational corporations appear particularly prone to transfer of capital-intensive inappro-
priate technology to LDC's, to the detriment of small-plant technologies and technologies 
produced in other LDC's. Of the three sizes of firms, large and multinational corporations are 
most likely to generate their own new technology through internal research and development 
or by hiring away key research personnel from public research projects, such as NASA in the 
United States. They are least likely to look to outside or public research institutes for new 
technology, appropriate or otherwise. 
Transfer of technology via the medium of governmental and public research institutes 
has been relatively more successful with medium-size firms. Here the key is one or more 
energetic managers in the receiving company who are able to bear the risk involved and de-
vote their full attention for an extended period of time . Small-scale firms usually do not have 
personnel to be released from other duties for this purpose. 
Acceptance of the idea of appropriate technology, its adaptation, and its transfer be-
tween and within countries is inhibited by the present attitudes of LDC financers, technical 
people, and governmental licensing authorities, although this is beginning to change. Various 
means have been suggested to promote appropriate technology with these decision-makers as 
well as with potential users within LDC's. These include national and international in-
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formation centers to gather and disseminate useable information on appropriate technologies, 
appropriate technological developmental centers with pilot or demonstration plants, de-
velopment of engineering consultancy to screen and adapt foreign technologies, a reori-
entation of engineering training to produce "developmen~ engineers", and ways to take 
appropriate technology to the users. 
People working in this area acknowledge the difficulties in separating the collection of 
information from its adaptation and in retrieving particular information from a mass of 
collected data. Thus, they differ to some degree on the most useable form for such informa-
tion. One suggestion is the compilation of handbooks listing half a dozen alternatives for 
each industrial process, along with their economics and requirements under LDC field condi-
tions. Economic and physical requirements have been indicated as factors that vary from 
country to country, and that such handbooks would have to present the appropriate tech-
nologies in general form, but in forms easily applicable to particular LDC's, and would also 
have to undergo constant updating. 
Opinions differ on the question of appropriate technological developmental centers. 
Some argue that effective centers must physically and intellectually be part of the particular 
environment they are addressing. Most present industrial technological developmental centers 
in LDC's would not be effective vehicles for appropriate technological research and develop-
ment in their present form and operation. 
Some hold the view that the actual volume of work in developing a particular manu-
facturing technology is much less than that required for new biological technology, and that 
international centers could be carefully focused and closely connected to national efforts. As 
yet, however, there is no consensus on how to deal with the question of development centers 
for appropriate technology. 
Most practitioners agree that, even given adequate availability of choice of technology, 
most LDC's would have limited capacity to absorb that technology into productive economic 
or social enterprises. A shortage of entrepreneurs is cited as one of the major factors causing 
the lack of absorptive capacity. There is little agreement about what could be done to in-
crease the supply of entrepreneurs. The point is made that the small-scale entrepreneur often 
has to have skills in more managerial areas than does the manager of a large operation who can 
delegate many tasks to subordinates possessing particular skills. Not every person has the 
latent potential to be an entrepreneur, and most of the present schemes of entrepreneur 
training in LDC's are based on identifying persons with entrepreneurial potential and then 
enhancing their entrepreneurial capabilities and equipping them with managerial skills through 
specially designed training programs. Skepticism has been expressed about whether it would 
be possible to devise large-scale schemes that would identify potential entrepreneurs and en-
hance their entrepreneurial capability through training programs using such techniques as 
motivational training, but it would seem clear that research should be done to evaluate what 
has been done in training entrepreneurs and to experiment with new techniques which might 
be indicated by this research. 
The aspects of infrastructure that have proven significance in agricultural development-
credit, marketing, transportation, and extension-also will be critical to the growth of em-
ployment through the use of technology. While much can be learned from the agricultural 
experience, it is clear that conditions in the industrial and service areas will be different. For 
example, the technical problems of evaluating the creditworthiness of three farmers from a 
single village would be much simpler than the problems of evaluating whether or not to lend 
money to support the nonagricultural business schemes of three wouldbe entrepreneurs from 
the same village. Similarly, the marketing problems of three farmers would likely be similar, 
whereas those of the three entrepreneurs would likely be quite different. 
Thus, we see that the final end point of our concern with technology-the absorption 
of technology into the developmental fabric of a country-is indeed a very complex process, 
and much remains to be learned about this area of social activity. It is clear that the role of 
technology in development will not be miraculously revealed by focussing on appropriate 
technology; hopefully, however, this prism may give a more accurate spectrum of the real 
problems involved and thereby be a more appropriate tool for us to use in our efforts to 
enhance development. 
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A COMPARATIVE VIEW OF TECHNOLOGY TRANSFER: 
DOMESTIC AND OVERSEAS1 
Ross W. Hammond 2 
ABSTRACT. We are capital intensive and automation oriented in the U.S. The developing-
country orientation is largely labor intensive. Hence, a different approach to the work is 
needed-full automation of an existing plant is undesirable in many cases, since it tends to 
reduce employment in an environment where employment generation is critical. 
The level of technology is generally lower in the developing countries. Hence, academic 
course work in the higher mathematics, operations research, computer programming, etc., 
have little practical application in many LDC's. We need to generate approaches that are 
pragmatic and problem solv1ng. In educating LDC students we have to provide them somehow 
with work experience in addifion to academic backgrounds. LDC stud en ts need laboratory 
and design courses that are problem solving. 
In operating in the developing countries one must recognize that differing political, 
social, cultural, and economic constrain ts exist in each country. Generalizations about these 
are difficult. Each country becomes a specific situation. A prime requirement of individuals 
from the U.S., who seek to work with the developing countries, is flexibility and a willingness 
to try alternative solutions best suited to the country. We have found that what works well in 
one country may fall flat in another. Hence, we discourage preconceived notions in our 
people about how things should be done overseas. We suggest rather that they gather and 
analyze the facts and arrive at conclusions and solutions based upon onsite information. 
***** 
Technology transfer is a facinating and frustrating process. In concept it is rather 
simple; in practice it is extremely difficult. A technology transfer system can be simply 
depicted. It may be thought of as having three principal elements-a reservoir of technological 
information, a delivery system, and a recipient. 
In Georgia, one such technology transfer system takes the following form: 
Reservoir Delivery System Recipient 
Georgia Industrial 
I 
Institute of Development Industry 
Technology Division of EES 
Georgia Tech is a considerable reservoir of technological information, for it is one of the 
larger engineering institutions in the U.S., with 7 ,000 engineering students, along with associ-
ated faculty and facilities, including one of the larger technological libraries in the country. 
1 This paper was presented at the Symposium on Technology, Modernization, and Cultural 
Impact, Iowa State University, Ames, Iowa, May 8 to 9, 1974. 
2 Chief, Industrial Development Division, Engineering Experiment Station, Georgia Institute 
of Technology, Atlanta, Georgia. 
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It has a feature unique in the United States. The Engineering Experiment Station associ-
ated with Georgia Tech is an applied research activity, employing 500 persons, which has as its 
stated mission the acceleration of economic growth in Georgia. One unit of the Engineering 
Experiment Station is the Industrial Development Division (IDD). The Industrial Development 
Division has a broad program of research, service, training, and technology transfer activities 
in the following: 
Employment generation 
Community development 
Area development (industrial extension) 
Management and technical assistance 
Market analysis 
Manpower resources 
Technical services 
Economic development training 
Housing, transportation, and industrial 
economics 
Industrial development 
International development 
Development library expansion 
This program has operated at IDD since 1956; the present staff numbers 65 persons. It 
has involved continuing technology transfer activities both domestically and abroad. From 
this 18-year base of problem-solving work experiences the following observations are drawn. 
I would like to generalize a bit, knowing very well the danger in doing so. Many people could 
bring up a specific example that appears to refute whatever generalization is made. Our 
experience is limited in a geographical sense as well as an absolute sense. 
In Georgia 30% of the labor force is engaged in manufacturing, only 5% in agriculture. 
In developing countries the situation generally is the reverse with 80 to 90% of the labor force 
involved in agricultural employment. Hence, in LDC's, people do not know much about 
manufacturing. It is not a common thing and they tend to think only in agricultural-related 
terms. 
Unemployment and underemployment vary widely in LDC's, but they are generally in 
the order of three to six times the U.S. average. Such massive unemployment introduces 
elements of political instability that has contributed to the frequent toppling of governments 
(Chile is a recent example). Hence, employment generation has become a prime government 
objective in many, less-developed countries. 
In the U.S. we find relatively high per capita income levels and a large middle class. In 
LDC's we find low per capita income levels ($100 to $200 per year in many countries) and 
usually the absence of a large middle class. Hence, the middle class as a source of capital is 
relatively nonexistent. 
Whereas in developed economies capital sources are varied and relatively plentiful, the 
LDC's characteristically do not exhibit either a large or accessible capital financing structure. 
Compared to many LDC's, Georgia's education picture, while among the lowest in the 
U.S., nevertheless seems excellent in terms of average years of schooling and other indicators. 
Literacy is high; in many LDC's it is low. Development, parenthetically, is often linked to 
education and literacy, but one can exist without the other . In the Philippines, literacy is 
high but development is relatively slow, especially when compared with South Korea where 
similar high literacy prevails. 
In the U.S. a high proportion of industry, large or small, is U.S. owned or operated, or 
partially owned. In the developing countries the large companies are frequently foreign owned 
or managed. The smaller industries tend to be indigenously owned and operated. As recogni-
tion of this pervades nationalistically oriented LDC governments, we can expect a greater 
interest in stimulating the small industrial section, for this is the home-owned sector of the 
economy. 
Management problems are quite similar in developed and developing countries, varying 
in degree with the different orders of scale found in the developing countries. However, 
management advice and assistance are available from many sources, public and private, in the 
developed economies. In the developing countries they are much more difficult to obtain 
and are beyond the financial capabilities o~ most of the companies. Capital is more available 
in developed countries, less so in the less-developed countries. A reservoir of skilled labor 
exists in many advanced countries-such a labor supply is rarely present in the less advanced 
countries. Developed countries, with high per capita incomes, represent good domestic con-
sumer markets. LDC's, with low per capita income pictures, represent inadequate domestic 
markets. Developed countries generally have advanced multimodal transportation complexes 
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that facilitate the movement of goods and people. Such complexes are unknown in the 
developing countries (with a few exceptions). 
In developed countries like the U.S. we find a broad range of industrial sophistication, 
from low technology to extremely high technology. In developing countries the range is low 
to medium technology, with occasionally some high imported technology (oil in Nigeria, for 
example). The average size of ind us trial enterprise is much larger in developed countries. In 
the U.S. small industry has an upper limit of 500 employees; in Korea, 100; and in the 
Philippines, 50. Smaller industries, characteristic of developing economies, have fewer 
internal, problem-solving staff positions in industry, and a corresponding greater need for 
outside technical assistance. However, technical assistance is available in the U.S. from educa-
tional institutions, state and Federal governmental units, research institutes, consultants, etc. 
This multiplicity of technical assistance sources is not common to or even existent in many 
less-developed countries. 
A large number of technological alternatives are available from many sources in the 
developed countries. It is a mistake to think that all these technological alternatives are 
equally available to the entrepreneur in rural Brazil, Kenya, or Indonesia. Systems of 
information transfer are inadequate and make the delivery of technology difficult or non-
existent. The LDC entrepreneur really has relatively few technology alternatives to consider. 
In the U.S. numerous institutional change elements are at work, both in the public and 
private sectors. In the LDC's few organizations are working at change; where they do exist, 
they have few competent people, and even these may have inadequate experience. 
The simplest, most used, and perhaps least effective way of transferring technology is to 
mail the printed word describing the technology. We have done a lot of this with little success-
mailings had tb be followed by other techniques. Even so, in many of the developing countries 
the mails are notoriously bad and the probability of such mail arriving may be on the order of 
50%. This reduces the already low probability that the technology will be utilized by the 
industrial recipient. The basic problem is that most technological information is written 
for a scientific or engineering audience. Imagine the difficulty of technology transfer in the 
developing countries where technical publications are not prevalent and few people can under-
stand and adapt them. 
There also are problems of language. Most developing-country, technological libraries 
have few books in the native tongue, but many in English. This has forced the students to 
study a second language, which may be beneficial in the long run, however painful it may be 
during the educational process. 
Another mode of technology transfer is by product or process demonstration. Frequent-
ly such a demonstration is organized in the U.S. for a group of industrialists. It is a relatively 
effective transfer element. Such demonstrations are less frequent in most developing countries 
and nonexistent in some. The same general observation can be made about seminars and 
short courses-adult education if you will, another vehicle for technology transfer. Our 
people have come to the conclusion, after 14 years of trying technology transfer with about 
3,500 companies, that the best single technique is eyeball-to-eyeball technology transfer. 
Simple bookkeeping and accounting, for example, are pressing needs of developing-
country industries. Seminars and short courses are widely used to disseminate knowledge 
about these subjects to groups of people, and the general knowledge derived from these types 
of instruction is helpful. However, even more helpful to the entrepreneur is for someone to 
advise him on how to set up a specific set of books and accounts adapted to his company's 
particular needs. The success of this type of transfer is many times those of other methods 
discussed previously. 
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ABSTRACT. Our present vigorous program of international exchange of science and scientists 
should continue.· Perhaps we should be much more conservative than in the past about en-
couraging scientists in LDC's to follow simply in our footsteps. We should soft peddle the 
pious hope that wonderful technological growth will automatically derive from creation of 
high-class scientific research. Also, we should give much attention to the much more difficult 
problems of technological transfer. This will require attention to a wide variety of time-
variable circumstances outside the technology itself. Finally, we will see the evolution in 
LDC's of new technologies to produce products different from those now coming from the 
advanced nations. 
We look forward to the time when more leadership will be effectively assumed by 
people from countries that are now seen as dependent junior partners. This seems to be the 
finest long-term goal of an honest program for international development. 
**** * 
Many persons have assumed during the past 25 years that the transfer of science and 
technology from highly economically developed countries to the less-developed countries 
(LDC's-as judged by gross national product, energy per capita per year, or similar criterion) 
can and will play a beneficent role in development of the latter. This premise is now re-
garded rather skeptically by many, and merits careful review. The foreign Office of the 
Academy and the Board on Science and Technology for International Development (BOSTID) 
have played key roles in this country's action in the arena. They will continue to do so and 
the intent to increase the effort has recently been enunciated by creation of the International 
Commission on Science and Technology a~ part of the reorganization of the National 
Research Council. At this time the Commission is chaired by the Foreign Secretary . of 
NAS. 
The present active role of the Academy in Science and Technology for International 
Development really began 12 years ago when Harrison Brown was first elected as Foreign 
Secretary. As I learn details of the present activities of the Foreign Office, I am more and 
more impressed by the monumental job that he has done in building a creative working 
program. His act will clearly be difficult to follow. However, the pattern of activity that he 
has established is sufficiently dynamic and entrepreneurial to provide a suitable format for 
flexible adaptation to a changing world. To remain viable the programs must change, and this 
challenging reality is much on my mind. Some changes in my own rather naive attitudes have 
occurred over the past half dozen years; I suspect that more change will occur in me and I 
believe that the views of those with whom I will work, at home and abroad, will be in a 
similar state of flux. 
1 This paper was presented at the Symposium on Technology, Modernization, and Cultural 
Impact, Iowa State University, Ames, Iowa 50010. 
2 Vice Chancellor-Sciences, University of California, Santa Cruz, California; Foreign Secretary 
U.S. National Academy of Science as of July 1, 1974. 
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A report from Drs. John D. Montgomery and Milton J. Esman evaluated the results of 
Academy activities in five countries (Taiwan, Indonesia, Ghana, Colombia, and Brazil). The 
significance is indicated by a quote from the introduction. "Scientists, planners, politicians, 
and administrators have participated widely in making policies governing the use of scientific 
and technological knowledge for development purposes, but their efforts have been diffuse and 
dispersed. The experience has not been examined enough even to define the issues, let alone 
resolve them." 
For purposes of fruitful discussion we should pay some attention to the meaning of the 
words that we use. I do not propose rigid definitions. To do so would be unduly arrogant 
and would not work anyway. However, we should recognize that important variations in 
meaning exist. Generally accepted is the fact that anyone who holds a degree in physics and 
chooses to call whatever his work is "physics" can also without argument call the work 
"science." For most others life is more complex. Some years ago the term "engineering" fell 
into relatively low regard; many people changed their titles to "applied science," and some of 
them tried hard to adopt a style of work that would render them indistinguishable from 
physical scientists. I now note with satisfaction that the tide is turning and that the term 
"engineering science" is becoming popular. This may all seem like harmless game playing, 
but the game has an unfortunate impact on the international transfer process. I sense a 
loosening of the rigidity of science classifications in this country but find that in many 
countries things are still just as rigid as they were here ten years ago. For example, last year 
in Ghana I found that systems engineering was virtually an unknown concept. The Ghanaians 
were still in the stage of careful differentiation between pure and applied science and engi-
neering, with very little inclination to merge applied science with engineering. 
The verbal communications problem becomes worse when we turn to technology. Here 
are real international differences. Peoples in the LDC's are incredibly eager to develop tech-
nological capabilities and are anxious to beg, buy, or steal technology from the over-developed 
countries, which I call ODC's. Unfortunately, the vagaries of language make articulation of 
the desires so difficult that a minister of planning frequently cannot even tell himself what is 
wanted, or decide which strategy is most appropriate for acquisition of whatever his country 
needs. Part of the problem of the minister in distress may arise from his attempts to emulate 
the mechanisms for science-technology consultation that have been developed in this country. 
Our system is simplistic. Research is supported for the most part by government or by pro-
prietary industrial laboratories. Scientists and engineers give advice to government about 
implications of research for development or modification of technology in the public interest. 
Although scientists are avid advisors, the advice is likely to be heeded only when given on 
demand. A principal feature of the .Charter of NAS is that it must respond to requests from 
the federal government for advice in areas requiring scientific expertise. I do not think we 
can make a case to the effect that the system has worked especially well in this country, and 
there is evidence that it works even less well in some others. Scientists as a whole are some-
what myopic in outlook and often seek only those parts of complex technological problems 
that relate closely to their own work rather than attempting the more risky task of trying to 
view the problem in its entirety. A scientist, stimulated to try a global review of a problem, 
often retreats to essentially the same tactics of guess and intuition already used by non-
scientists, and it is quite difficult to do otherwise. The upshot is that, with a few exceptions, 
scientific input into technology has not been very efficient in this country. The system has 
worked, more or less, because our affluence has allowed inefficiency to be tolerated. We have 
been able to make many errors that a poor nation could not afford. Unfortunately, we 
export not only some of the mistakes but also a consultative procedure which has allowed 
them to ·occur. Obviously, no system can avoid errors, but we should be aware that other 
systems may work better than ours, especially in other countries. Taiwan has provided a 
stunning example to bear out this premise. There the pattern of consultation is largely re-
versed. Representatives of other ministries participate regularly in the deliberations and 
decisions of national science policy agencies. It is not easy to establish the "whys" under-
lying successful technological innovation, but Taiwan has been notably successful in this area. 
New technology for the growing of mushrooms, asparagus, and eels has resulted in develop-
ment of entirely new industries yielding more than 100 million dollars in export income in 
1972. 
I do not maintain that consultation in this country should be reformed to emulate the 
successful Taiwanese system. We learn something by consideration of the probable problems 
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in trying to implement the transfer of such a technology for consultation to this country. 
Imagine the reactions of Americans, both scientists and nonscientists, if representatives of the 
the Departments of Defense and Transportation were routinely appointed to the Board of the 
National Science Foundation and the National Research Council. Scientists would consider it 
a crime against nature, and laymen would be most apprehensive. The fact is that our culture 
is structured so as to preclude the procedure, irrespective of its merit in some abstract sense. 
Realization of this fact should help in understanding why some very reasonable American 
technologies are not amenable to easy cross-cultural transfer. 
Why should we seek to develop science in LDC's? And why help them develop tech-
nology? Those nations want technology without question, because they aspire to acquisition 
of some features of our national life style, which are uniquely dependent on technology. No 
matter how much the technically advanced nations emote about the problems of industrial 
pollution, the LDC's are determined to have a larger piece of the action before the game is 
called off. This dilemma was brought to focus beautifully at a marine ecology conference held 
on Malta in the summer of 1972. The Mediterranean is fast becoming a dead sea because of 
the industrial wastes dumped into it. The northern countries, France, Italy, and Yugoslavia, 
are much interested in moritoria on development of more industries to add to the destructive 
effluent. Quite understandably, the North African nations reject such suggestions with much 
cynicism. 
It is also clear that the LDC's want to import science, although the rationale is not nearly 
as obvious. One reason has been pointed out to me by C. N. R. Rao, an Indian chemist who 
spent many years in this country before returning to India, where he has become one of the 
country's most influential citizens. He says that one strong reason for Indians to write papers 
publishable in the most prestigious international scientific journals is the beneficial effect on 
national self-esteem. The feeling that "we are as capable as anyone" helps keep alive the hope 
that in time India can also become competitive in the vastly more difficult arena of advanced 
technology. This reasoning may be sounder than others which are more often cited. A 
common rationalization is the notion that development of capability in pure science will 
inevitably lead to development of new, derivative technology. Americans are forceful sales-
men for this view because that is the way in which the action is perceived to have occurred in 
this country. The reasoning seems to me to have only limited validity. 
The likelihood that basic science as now done in an LDC will lead to innovative, indige-
nous technology is rather small. For one thing, the science is usually so highly emulative of 
that done in the advanced nations as to be duplicative in principle. Problems for study are 
usually chosen for the sole purpose of gaining international respectability, rather than because 
they are truly novel or related in some way to national needs. This ethic is a comfortable one 
for scientists in any country and is usually reinforced by a hard sell from friendly American 
scientists. Cold-blooded appraisal suggests that if the work will be done somewhere anyway, 
and published in international journals, the speed of reflection of the results in new tech-
nology for Country X is not necessarily increased by having another version of the same work 
done in X. At times I have been critical of the redundancy of much research done in the ad-
vanced countries. Scientists are addicted to bandwagon jumping, and there is strong indica-
tion that the global growth of pure science creates more, and more dedicated, addicts. 
Furthermore, conversion of new science to new technology in West Europe, the U.S., and 
Japan has been implemented by a powerful force of applied scientists working in highly 
directed industrial and government laboratories. This effort is very costly and can only be 
carried on by a cumulative process. Technological development as it is now carried on here 
and in Japan requires the base of an already profitable industry to generate the resources to 
recycle in new development. 
Most ambitious LDC's have established some kind of system of national laboratories 
with a mandate to do technical research and development directed toward national develop-
ment. The success of these labs has been varied. I am impressed that the national laboratories 
in India have produced relatively little, perhaps because they have attempted to emulate the 
style of our own AEC labs as they are perceived. However, I was much impressed by the 
work in some of the Ghanaian national labs, which have chosen to do very humble scientific 
work directed toward utilization of the country's resources. 
An alternative to indigenous evolution of technology in a developing country is impor-
tation of existing systems from advanced nations. In fact, it seems that in may instances this 
is the only viable alternative to importation of the finished products of the technology. For 
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example, the prospect of developing a home-grown technology for production of synthetic 
fibers in Colombia seems impossibly remote. If Colombians are to use synthetic fibers, they 
must either buy the fibers or acquire existing technology from another nation. 
Unfortunately, the most desired technologies are usually highly capital intensive, so 
their transfer to a country that has a labor intensive economy produces mind-boggling prob-
lems. I do not think that any fully satisfactory strategy has been devised. The advanced 
nations have never felt able to make extensive gifts of some kinds of technology, complete 
with hardware and installation services. Both the U.S. and the Soviet Union have built dams 
in undeveloped countries because the product of the technology is not obviously exportable, 
but I doubt that we will make a gift of an automobile assembly plant to any country which is 
likely to use it well enough to compete in the international market. 
Technology is for sale, and the outright purchase of technology is a reasonable tactic if 
the client nation has capital to invest. Japan has been a heavy purchaser of American and 
European technology and is now selling its own technology. The Soviet Union does the same. 
Whether or not this will remain a viable system is a moot question. At this time, many people 
in the United States are pressing for either a drastic increase in the price of exported technology 
or a complete ban on sales. Probably, common sense will prevail and the most extreme re-
strictions will not be imposed. However, we must recognize the fact that the affluent nations 
are not necessarily eager to part with technology which will ultimately erode their dominance 
in international commerce. I have no doubt that there will be extensive purchase of tech-
nology by the oil-rich nations during the next 20 years and that the prices will be raised con-
siderably. All of this bodes no good for the poor nations of the world. 
A long-established alternative to outright purchase of technology is the use of foreign 
investment capital. This has been the principal vehicle for industrialization of undeveloped 
countries. In recent years, the principal mechanism has become the multinational corporations 
that now terrify many people because of their magnitude. The U.S. has long been a proponent 
of foreign investment, and we have often been bewildered by the hostility of people such as 
South Americans, who increasingly resent the presence of flourishing American-owned indus-
try on their soil. The U.S. position is now becoming less dogmatic because of apprehensions 
raised by the apparent intent of the Japanese to acquire title to much of Hawaii and choice 
parts of the North American Continent. 
India has for some time insisted upon partnerships, and new industry developed in that 
country must be half Indian in ownership. Ghana is now taking the same approach, except 
that they can only see their way clear to requiring a minimum of 10% Ghanaian interest in 
new ventures. 
Many problems in adaptation must be faced when any LDC imports a sophisticated 
foreign technology irrespective of the financial mechanism. For example, the style of oper-
ation of a capital intensive American plant may be incompatible with the social structure of 
another country. Often it seems that the plant can only be operated if part of the labor force, 
and especially top-level management, is also imported. Usually this style of operation is 
adopted as an initial expediency with the hope that a domestic labor force will take over 
after a short time. Unfortunately, this plan is often slow in maturing. Two years ago the 
Ghanaian Minister for Industrial Development told me of some of his problems in this area. 
He has a motorcycle assembly plant in Komasi which is run by Yugoslavian engineers under 
contract. After 15 years, domestic management was still not ready to take over, and the poor 
man was going bananas trying to figure out why. From my own brief observation I must con-
fess to total puzzlement, too. The Ghanaians are highly intelligent, vigorous people. Some-
thing other than native ability is missing. I suspect that an important factor in the success of 
our technical society is a culture that more or less automatically produces persons equipped 
to fill middle- and lower-management roles in the system. This weakness in India, Brazil, and 
Ghana has been repeatedly pointed out to me by the most aware people in those countries. 
Probably, assistance in developing such a nonglamorous capability would be as fine a contri-
bution as any to international technology transfer. Unfortunately, I do not see any sure-fire 
ways to do the job. 
A desperate problem exists in India, where the partnership industries have produced very 
few jobs in research and development for Indian scientists. Consequently, the nation has a 
desperate problem in unemployment and underemployment of young scientists. In fact, it 
almost appears as though our export of pure science to India may have created a vicious prob-
lem without providing much of any real h"'' :xcept to keep India visible in the International 
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Scientific Olympics. At first glance, it seems curious that ICI of India, which competes in the 
international trade in synthetic fibers, does not provide jobs in research and development. 
The answer is simple. The company is owned half by the Indian government and half by the 
British ICI. Obviously, the Indian company uses the results of research and development done 
in Britain. Transfer of some of the research and development to India would make sense in 
the long run, but there is understandable fear that the initial cost in money and time would 
hurt ICI India badly in its effort to produce international income from the sale of fibers. 
Another problem in technology transfer is lack of sound judgment as to what the client 
nation really needs. There is an unfortunate tendency to use scarce funds to buy new 
Cadillacs when what is really needed is serviceable used Mustangs. For example, when 
visiting Ghana we were consulted about the purchase of a new high-capacity paper mill for 
$20 million. Some of us knew of perfectly functional old paper mills in New England which 
are in moth balls and could probably be purchased for a tenth the price. These mills were 
retired simply because their output is not competitive in an American society which seems 
determined to drown itself in paper. Since Ghana is not now in that terrible state, a 1950-style 
mill would seem to serve their national needs well. I do not know whether or not our advice 
was followed. Shopping for second-hand goods does not have a lot of appeal to some nations 
that feel the need of at least a few examples of shiny new technology as national status symbols. 
No matter how illogical this may seem, we Americans must recognize the reality of status 
symbolism because we are famous for our self-indulgence in this kind of thing. 
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POVERTY AND PROGRESS IN A LOPSIDED WORLD: 
THE AGONY OF TECHNOLOGICAL CHOICE1 
Ward Morehouse 2 
ABSTRACT. While the application of modern scientific knowledge through technology to 
meet the needs of society has had a profound effect on the lives of all men everywhere in the 
Twentieth Century , it is by no means clear that the cumulative impact has always been 
positive. This is particularly true in the case of the poor societies of the Third World of Asia, 
Africa, and Latin America where technological choices are often determined not by the needs 
of these societies but by the sheer momentum of technical development in the industrialized 
countries. "New" technology as an instrument of social change in poor societies may be a 
Pandora's box as much as it is a panacea in the global war on poverty. 
* **** * 
My basic theme is best summed up by the phrase "What price progress," in introducing 
new technologies into poor societies. In seeking answers to this question we are going to need 
careful, detailed analysis, based on extensive field work. In short, we need the kind of sound 
and careful scholarship to which we look in any new and emerging field of inquiry and of 
which we have had precious little in this area of our common concern. 
C. P. Snow has a special relevance to technology and social change by his lectures on the 
two intellectual cultures in our civilization. Several years after he delivered those lectures in 
which he proposed the two-culture thesis, he published them again with a small postscript, 
which he entitled ''The Two Cultures and A Second Look." His "second look" does have a 
particular significance in that the time has come to take a second look at the relationship of 
our presumed technological superiority to the needs of the poor societies of the world. It was 
very much in this frame of reference that Snow took a second look at some of the character-
istics of the human condition, which he explored in his initial series of lectures. The human 
problem on which he placed greatest emphasis in the postscript in his second look he called 
the "main issue" of our times. That main issue is the growing gap between the rich and the 
poor in the modern world, which he addressed in his grandest and most rhetorical style: 
We cannot avoid the realization that applied science has made it possible to 
remove unnecessary suffering from a billion individual lives. To remove suffering of 
the kind in our own privileged society we have largely forgotten. It does not require 
one additional scientific discovery though new scientific discoveries must help us. 
It depends on the spread of the scientific revolution all over the world. There is no 
other way.3 
C. P. Snow is not the only eminent world citizen who is given to rhetorical pronounce-
ments on the human condition. Rhetoric is a well-known affliction of political leaders in all 
societies, including our own. A second piece of rhetoric comes from a political leader of an-
other society, a poor society. This leader, ranked as one of the leading figures in the political 
1 This paper was presented at the Symposium on Technology, Modernization, and Cultural 
Impact, Iowa State University, Ames, Iowa, May 8 to 9, 1974. 
2 Director, Center for International Programs and Comparative Studies, State Education De-
partment, 99 Washington Ave., Albany, New York 12210. 
3 C. P. Snow, The Two Cultures: And A Second Look, New York: New American Library, 
1963, p. 44. 
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history of this century, is India's first Prime Minister, the late Jawaharlal Nehru. He made 
many pronouncements on what he perceived to be the vital importance of India developing 
its capabilities in science and science-based technology, but the following quotation captures 
the essence of his concern. "I do not see any way out of our vicious circle of poverty," he 
once observed, "except by utilizing the new sources of power which science has placed at our 
disposal. "4 
Many persons would question the wisdom, and almost certainly the utility of these 
kinds of Pollyannish views of the potential of modern science in dealing with the individual 
suffering of one billion lives of which C. P. Snow spoke. It is time to question the premise of 
the desirability of transfer of science and scientific technology from rich countries to poor 
countries. 
In this setting, there is little need to belabor the point that we live, to use Barbara Ward's 
phrase from the title of one of her recent books, in a lopsided world. All the indices that we 
use to measure our global lopsidedness suggest that the world is getting more and more off 
balance. Let us then take a critical second look at this basic premise of transferring our 
scientific and technological knowledge and skills to the Third World, on which much of the 
response of rich industrialized countries like the United States to the economic and social 
needs of poor societies has been based over the past quarter of the century. This brings us to 
the Revelle thesis. Roger Revelle, the Director of the Center for Population Studies at Harvard, 
raises the question of whether or not the major scientific and technological advances of the 
twentieth century have on balance been beneficial to the human condition in the poor societies 
of the Third World . 
Consider, for example , the area of public health technology where startling advances have 
indeed occurred in this century. But consider also the whole emphasis of these advances, 
which have been directed toward only one side of the population equation. What has been 
accomplished in the field of public health in the last eight or ten decades has been to prolong 
human life, in short, to tamper with the death rate. This has made good sense to countries 
like the United States in terms of our particular stage of demographic development. But the 
impact has been quite different on the poor countries which have been left disagreeably ex-
posed by the application of this knowledge to the prolonging of life but with the other side of 
the population equation-namely, the birth rate,-almost entirely neglected. Prolongation of 
human life by combating debilitating and fatal diseases has, of course, reduced individual 
anguish and suffering, but I think it is a moot point as to whether the cumulative impact of 
increasing longevity has improved the quality of life in the poor societies of the world. 
Many other examples might be cited. The making of synthetic substances such as fiber, 
rubber, and the like, has been one of the remarkable technological phenomena of this century. 
But it has had the net effect of knocking the bottom out of the world market for primary 
products on which poor societies have in considerable measure depended to generate the 
capital needed for their further development. One can make, I think, a similar observation of 
the technology of making war. It is by no means clear that even rich countries like the United 
States can afford all of the latest possibilities offered by rapidly advancing military technology. 
But if the United States cannot do so, surely poor countries like India, Pakistan, Indonesia, 
Nigeria, and others throughout Asia, Africa, and Latin America are hardly in a better position 
to do so. Yet they feel compelled-this is certainly true in the case of India, which I know 
best-to invest heavily in these new and rapidly changing technologies if only as a matter of 
what they perceive to be their national self-defense. 
Revelle has this, further comment to add on his basic thesis :· 
The enormous technological superiority of the West in itself has a deleterious 
effect on the poor countries because it acts as a magnet to pull away their ablest 
and best educated young people. . . . While some of the products of science are 
clearly destructive to the interests of poor countries, others are simply irrelevant. 
The wonders of automation, space travel, open-heart surgery, vitamin pills, push-
button telephones, neon lights, low-calorie beer. and computerized education have 
even less meaning for the people of the poor countries than they have for ghetto-
dwellers in our own cities. 5 
4 
"The Tragic Paradox of Our Age," New York Times Magazine, September 7, 1968, p. 111. 
Cf. Ward Morehouse, "Nehru and Science: The Vision of New India," Indian Journal of 
Public Administration, July-September, 1969, pp. 489-508. ~ 
5 Roger Revelle, Can the Poor Countries Benefit from the Scientific Revolution?, Cambridge: 
Center for Population Studies, Harvard University, (mimeo.), n.d. (?-1968), pp. 15-16. 
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Milton Esman and John Montgomery have assessed the National Academy of Sciences' 
work in the vital and important area of relating our scientific and technological capabilities 
and experience to the needs of poor societies. They suggested that they were not even certain 
the basic questions had yet been formulated about just how this kind of effort should be 
organized and conducted. We are not yet at a point where we know how to ask many of the 
right questions. This subject cannot by any stretch of imagination be described as a "field" of 
inquiry in a customary scholarly sense. It lacks clearly defined parameters and distinctive 
methodological approaches, not to mention the central organizing conceptualizations that 
will give some sense of purpose and direction to our research. 
All would agree that scientific knowledge is global, if not universal, and that there is no 
such thing as Chinese physics or Indian chemistry or American molecular biology. Chemical 
reactions in general occur pretty much in the same way, barring some environmental variables 
such as elevation, throughout the world. However, the doing of science is not culture-free, 
although we typically assume that it is. This is implicit in questioning the utility of exporting 
values associated with science to poor countries struggling for survival. In fact, Derek Price, 
the Yale historian of science, has taken the somewhat droll position that perhaps Western 
civilization has been historically aberrational in having a scientific revolution. 
The fact that technology is highly culture specific generates a question on the relation-
ship of science and technology. We need first of all to recognize that there are many different 
levels of technological complexity in the world. Therefore, we are considering relatively 
more complex forms of technology that seem to be derived somewhat more directly from the 
advances in scientific knowledge characteristic of this century. Possibly we should not 
properly call these technologies "science-based" or "scientific technologies," although both 
phrases are used to make the distinction. These phrases carry the implication that other tech-
nologies less complex in character are in some manner nonscientific or unscientific. 
Conventional wisdom espouses a fairly direct relationship between the doing of science 
and the application of "scientific technology" in meeting social and economic needs. Derek 
Price has challenged that bit of conventional wisdom by arguing that historically the reverse 
may be true in Western civilization. He suggests that artisan-based technology appears to have 
stimulated the scientific revolution by way of scientific instruments and their makers. 6 We 
may be returning to that condition as the instrumentation for the doing of modern science 
becomes more and more complex. 
This paper will concentrate largely on technology, not on science. However, a neat 
separation of the two is often impossible if one is interested in analyzing public policy initia-
tives of poor countries in grappling with C. P. Snow's "main issue" of our time, for problems 
of definition continue to plague us. For example, a definition of technology may include the 
social technologies of management such as marketing, financial administration, and corporate 
organization. These social technologies are absolutely vital elements in any successful equa-
tion that results in productive utilization of new forms of technological knowledge. 
To illustrate this point, as well as to make several others, I refer to a specific case on 
which an Indian colleague, G. S. Aurora of the Administrative Staff College at Hyderabad, 
and I have done some work for the last several years. 7 One of the essentials to further progress 
in this field of inquiry is getting the hands "dirty with data," of getting involved in field work. 
The particular case referred to is one involving a competitive relationship between "indigenous" 
technology and imported technology in India. The case is related to the imperatives of a 
changing agricultural technology in India, and even more specifically, with the design and 
manufacture of small tractors in the 20-horsepower range. 
In 1965 an Indian government delegation went to the Soviet Union with a shopping list 
of projects in which they were interested in securing external assistance in connection with 
India's Third Five-Year Plan. On this list was a project to develop facilities in India for the 
manufacture of small tractors. The Soviets indicated that this was not a project in which 
6 Derek J. deSolla Price, "Is Technology Historically Independent of Science? A Study in 
Statistical Historiography," Technology and Culture, Fall, 1965. 
7 G. S. Aurora and Ward _Morehouse, ''The Dilemma of Technological Choice: The Case of 
the Small Tractor, Economic and Political Weekly (Bombay), Special Number, August, 1972, 
pp. 1633-44. A substantially revised and extended essay is scheduled for publication under 
the same title in Minerva, October, 1974. 
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they were interested but suggested that Czechoslovakia, which manufactures a very good 
small tractor in this horsepower range, the Zeteor tractor, might be interested. Included in 
the delegation was an Indian engineer M. M. Suri, an engineer of international reputation, who 
among other things developed the Suri transmission for diesel engines, which is widely used 
in Europe as well as in India. Suri, a champion of Indian technological self-reliance, was at 
that time the Director of the Central Mechanical Engineering Research Institute. He was 
convinced that India had the necessary engineering skill, the necessary design and fabrication 
skill, to make its own small tractor without any foreign collaboration. 
Suri underestimated the resourcefulness of political leadership, in this case the Govern-
ment of India's Minister for Industries, who went to Prague and quickly negotiated a deal with 
the Czechs for establishment of a tractor plant in his own home district. Without going into 
all the complexities of this kind of decision-making as it affects technological choices in the 
Government of India, it suffices to recognize an extremely complicated process that has built 
into it a series of checks and balances not unlike the constitutional system in the United 
States. When it was discovered what the Minister for Industries had done, the checks and 
balances system went into play and the project was in fact stopped. From this can be 
recognized the easy assumption that is often made, even on the part of political leaders in 
poor countries, of the presumed technological superiority of industrialized countries and the 
parallel presumption of the technological inferiority of poor countries like India. In short, 
this presumption condemns a country like India to a sort of perpetual technological back-
wardness. 
A further complication resulted from one of the large, public-sector corporations, 
Hindustan Tllfachine Tools, becoming interested in Czech collaboration for a very good and 
compelling reason-namely, the fact that HMT was having hard times financially in the 
machine-tools field and was under considerable pressure from Parliament to improve its 
profitability position. The HMT management was interested in Czech collaboration in making 
tractors partly because this provided diversification, and, hopefully, some insulation against 
the vagaries of the machine-tool market both within India and internationally. They were 
also interested because one of the clear advantages of Czech collaboration was quick financial 
return. What the Czechs were peddling was a proven production technology. Zeteor tractors 
have been made for a good many years in Czechoslovakia. Indeed a large number of them 
had already been imported into India. 
Meanwhile, the group of Indian engineers who were convinced that they had the answer 
to this particular need of their society were pressing forward with design and construction of 
several prototypes of their own tractor, which they called the Swaraj Tractor (Swaraj means 
self-rule). These two tractors were then put through a series of tests and were evaluated as to 
their relative feasibility by another Government concern, the National Industrial Development 
Corporation. Though this was a fairly unequal competition because the comparison was be-
tween a tractor based on proven production technology and a prototype model, the indige-
nously designed tractor nonetheless performed reasonably well, although not as well as the 
Czech tractor, given these circumstances. All of us who are afflicted with the products of the 
American automotive industry know how long it takes to get the bugs out of newly designed 
motor vehicles even in this technologically sophisticated industry. 
The ITh1T management got what they wanted, namely, an evaluation report favoring the 
Czech tractor even though an earlier panel of technical experts appointed by the government 
had recommended the Swaraj tractor over the Zeteor because of the capital-saving and foreign 
exchange-saving character of the Swaraj project. This report justified HMT going ahead with 
the Czech collaboration and they proceeded with the establishment of an assembly plant in 
the Punjab for the assembling of the Czech tractor. The Government of India, torn over the 
dilemma of technological self-reliance and the profitability of the public-sector, industrial 
corporations, took the easy way out by simultaneously licensing the production of the 
indigenously designed tractor and the Czech tractor. 
The Czech tractor has been assembled in India since 1971. The indigenously designed 
tractor first came off the production line in the early part of 1974. But the way in 
which the entrepreneurial interests, largely the same group of engineers who began working on 
this tractor when they were at the mechanical engineering research laboratory, have gone 
about the establishment of their manufacturing, marketing, components supply, and servicing 
system, is markedly different. Their approach provides for a kind of technological spread 
effect which is almost impossible to quantify, let alone monetize, but which most likely will 
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have a profound impact on raising the general level of technological capability in at least that 
part of India where these two tractors are being manufactured, namely, the Punjab. Punjab 
Tractors Ltd., the corporate enterprise created for the manufacture of this indigenously de-
signed tractor, is drawing first of all for their components suppliers on small machine shops 
which are all over the Punjab. In the process, PrL is seeking to raise the level of technological 
capability of these machine shops, especially their skill in terms of achieving certain levels of 
tolerance and precision that are essential in making this kind of product. PrL is similarly 
trying to build a repair and service network that will reach out into the rural countryside in a 
manner almost completely unknown thus far in India. 
If more conventional economic analysis is applied to these two projects, (granting many 
unknowns because this is a developmental event that we are studying in real times), a clear 
advantage for indigenous technology emerges. In terms of capital-saving, the indigenous 
tractor project involves roughly half of the capital investment required for the Czech tractor 
for the same number of units of output. With regard to foreign exchange, a scarce element in 
industrial development projects in India, the savings for the Swaraj tractor project are some-
thing on the order of ten to one. But we do not yet have very good too!s to make these kinds 
of comparisons, certainly not tools that take into account some of the technological spread-
effects. 
The fact of the matter is that these sorts of technological choices are typically made by 
political leaders on the basis of quite different criteria. We are furthermore confronted, if we 
look at this kind of real event, with conflicting policy goals. In this case a concern on the one 
hand with furthering India's technological self-reliance conflicted with the goal of establish-
ing the viability of India's "pragmatic socialism," one of the principal manifestations of Indian 
socialism being the establishment of a number of publicly owned industrial corporations, such 
as Hindustan Machine Tools. 
Study of this kind of real event also reveals the ambiguity of technological advice avail-
able to political leadership in making such choices. During the long tangled story of the two 
tractors, only partially told here, quite conflicting kinds of reports on the feasibility of these 
two alternative tractor designs were produced. But above all, what this story illustrates is the 
very complexity of making these technological choices. We do not begin to have enough such 
studies of enough varied kinds of real even ts in terms of technology utilization and technology 
decision-making to begin to give us any clear picture of whether we have a basis for making 
generalizations about how these processes occur and with what consequences. 
Turning to a somewhat different theme in an effort to pull some of these ideas together 
and emphasize theoretical issues in the study of technology and social change, I will attempt 
to assess the experience of one poor society in grappling with the question of how to develop 
science and science-based technology for economically and socially useful ends over the past 
25 years. Justification in using India as an example is derived by the world distribution of R 
& D effort, i.e., organized endeavor to develop new technological applications of scientific 
knowledge. Stevan Dedijer, the Yugoslav physicist who has turned sociologist of science in 
recent years at the University of Lund in Sweden, several years ago made an estimate of the 
world-wide distribution of research and development and concluded that some 90% of it is 
done in the industrialized countries of the world. Of the remaining 5 to 10% a rough calcula-
tion is that 80 or 90% is done in two countries in the Third World-namely, India and China. 
The Indian experience is, therefore, of more passing significance, if we see the application of 
scientific knowledge through technology as a potential means of ending the suffering of one 
billion individual lives. 
The first point to be made about the Indian experience since independence in 194 7 is 
that political leadership has recognized the vital importance of strengthening the country's 
scientific and technological capabilities. From a very modest level at the time of independence, 
the stock of scientists and technologists in India has grown to well over one million persons, 
among the largest in the world. Public investment in R & D activity has increased more than 
30 times; and an extensive organizational structure for R & D has been developed in agricul-
ture, industry, atomic energy, defense, and public health. 
But, clearly, all this effort has not in the last two and a half decades provided, in Nehru's 
words, "a way out" of India's vicious cycle of poverty. One conclusion, therefore, is that 
since this exponential growth of science and technology really began with the end of colonial 
rule in India, political independence has proved thus far to be a necessary but insufficient 
condition for developing a vigorous, self-sustaining, national capability in modern science and 
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and scientific technology as a significant instrument for social and economic progress. This is 
perhaps not a surprising conclusion in the Indian case since Robert Gilpin reaches a similar 
conclusion in France in the Age of Scientific Estate about the French efforts, particularly 
under De Gaulle, to achieve their own place among the world's scientific superpowers.8 The 
reasons why political independence has been necessary but insufficient to achieve this kind of 
goal are complex, and are not well understood. 
Obviously one factor is the very limited period of time since independence. Twenty-five 
years is but a drop in the ocean of human history. Going somewhat beyond the Revelle thesis 
set forth earlier, the overwhelming momentum and outreach of scientific and technological 
development in the rich countries have often had an adverse impact on India's efforts to 
develop its own comparable scientific and technological capabilities. In its own small way, 
the story of the manufacture of the small tractor illustrates this phenomenon. Also important 
is the fact that modern science and scientific technology are but one factor among many in 
the process of social and economic change, making it extraordinarily difficult to fashion ef-
fective public policies to enhance science and technology as tools for social and economic 
progress. 
George Basalla, several years ago, in an article in Science, sketched out a three-stage 
model of scientific development. 9 It is very clear that India has moved decisively in the past 
25 years from Basalla's first stage of "co"tonial science" to his second stage of "dependent 
science." And in some fields at least, India appears to be on the threshold of Basalla's third 
and final stage of "independent science." One of the difficulties with determining just where 
India or other poor countries are on this scale of scientific development is that we lack 
adequate criteria for determining just when one moves from one stage to the next. 
Unless we are certain that there is a causal relationship between the level of scientific 
development in a society and that society's ability to use complex forms of technological 
knowledge based on modern science to meet critical economic and social needs, however, 
"independent science" may turn out to be an irrelevant goal for poor societies that are still 
trying to find "a way out" of their vicious cycle of poverty in the second half of the 20th 
century. This suggests that Basalla's model is incomplete and that another stage must be 
added. I am not certain whether this additional stage of what I call "technological autonomy" 
(i.e., the capacity to use technological knowledge based on modern science for economically 
and socially useful ends) moves beyond Basalla's third stage, simply exists along side it, or is 
quite unrelated to it. India has not yet achieved this additional stage. Whether or not she 
will is, I suppose, one of the critical questions of the remaining decades of this century. 1 0 
Let me finally take up the last element-the agony of technological choice. What James 
Grant of the Overseas Development Council calls the "energy shock" of recent months has 
had a profound and disturbing impact on not only the overall development efforts of countries 
like India, i.e., countries of the Third World, which are resource-poor, but also on some of the 
kinds of technological choices which have already been made .by these countries. Again 
India is used for illustrative purposes because India's situation throws into high relief the 
problems confronting other poor societies. In recent years India has had exports totaling 
something in the order of $2.5 billion annually. The increase in the cost of oil imports alone 
on the basis of new crude oil prices, assuming that India imports the same quantity of petro-
leum, will cost India $1 billion more this year than last. Increase in the price of fertilizer on 
the world market, assuming that India could buy the same quantities of fertilizer this year as 
last year, would cost another $1 billion more. It is very hard to be optimistic about India's 
prospects in the light' of these grim statistics. 
In fact, the situation is worse than that. The United States, according to James Grant, 
has quietly imposed an embargo on the export of fertilizer since October, 1973, in order to 
conserve supplies for U.S. users. This is precisely the period when countries like India used to 
enter the U.S. fertilizer markets to make their major annual purchases. Mr. Grant asserts that 
8 Robert Gilpin, France in the Age of the Scientific Estate, Princeton, Princeton University 
Press, 1968. 
9 George Basalla, "Spread of Western Science," Science, May 5, 1967, pp. 617-668. 
1 0 I have elaborated on this thesis in "The Endless Quest: Science Technology, and Human 
Betterment in India a Quarter of a Century After Independence" (paper prepared for the 29th 
Congress of Orientalists, Paris, July 16-22, 1973). 
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we use in this country more fertilizer on our lawns, golf courses, and cemeteries than the 
shortfall in fertilizer that India will experience this year on world fertilizer market. Bear in 
mind there is a factor of something in the order of ten to one in terms of increased yield of 
foodgrains per application of each ton of fertilizer. 
What has resulted is the Green Revolution in retreat. And that indeed was the subject of 
a very poignant article which appeared in the Times of India a few weeks ago. The impact has 
been greatest on those regions of India that have become the most advanced in application of 
new forms of agricultural technology. And the impact of the oil shortage has been mutually 
reinforcing in its consequences for it has resulted not only in fertilizer shortages but also in 
shortages of fuel for pumps and tractors. 
It is difficult in some parts of the United States to speak with much conviction about 
living with scarcity because this is apparently thus far still a regional phenomenon in the U.S. 
For the most part, only those in the larger metropolitan areas have had some direct experience 
with what it means to have to get along with vastly diminished quantities and uncertain 
supplies of what we have come to regard as an essential commodity in our daily lives. But 
those of you who have spent an hour or two or three engaged in contemplation in a gasoline 
line will have some appreciation for living with scarcity. 
The following observations by an Indian commentary on the Green Revolution may help 
to convey some sense of the impact of the "energy shock" on the kinds of technological 
choices that India has made in the field of agriculture and agriculturally related sectors of 
industry. 
It is only when a state roadways bus is hijacked in order to empty its fuel tank, 
that a small paragraph appears in the national press regarding the acute shortage of 
diesel oil in the Punjab. But this is only an extreme manifestation of the growing 
desperation of farmers. Today every gas station on the road from Delhi to 
Amritsar is an armed enclave in an increasingly hostile countryside, defended day 
and night by contingents of the state police. The besiegers are hundreds of farmers 
camping often for days on end around the pumps in the hope that they will be able 
to get a few extra litres of diesel. 1 1 
This is why we need to take a critical second look at the kinds of technological choices 
that poor countries have been encouraged to make in the field of agriculture and related 
industrial activity that involve dependence upon petroleum as an energy source. In other 
words, the kind of dilemma confronting those involved in deciding which kind of tractor, if 
any, India ought to manufacture has become in a very real way an agonizing choice. 
In conclusion we cannot avoid the realization that "scientific technology" has made it 
possible to remove unnecessary suffering from a billion individual lives. It does not require 
one additional scientific discovery, though new scientific discoveries must help and new appli-
cations of culturally relevant technological knowledge are essential. It depends not on the 
spread of the scientific revolution all over the world but rather on the achievement of a 
condition of technological autonomy, i.e., the capacity to use technological knowledge based 
on modern science for economically and socially useful ends. 
11 Ashok Thapar, ''The Green Revolution in Retreat," Times of India, March 21, 1974. 
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ABSTRACT : In today's world modernization means industrialization-and to the less-
developed countries, industrialization can come most easily through obtaining technology 
from more industrialized nations. If technology is regarded as a form of knowledge, we can 
t:istinguish three phases of technical transfer: (1) material, (2) design, and (3) capacity. Inter-
mixed with what is transferred is the question of how it is done, and here we find four 
historical modes: (1) imitative, (2) autarchic, (3) mixed, and (4) eclectic. 
American, Russian, and Japanese industrialization are compared with reference to the above 
phases and modalities. Their differing experiences demonstrate certain similarities, namely, 
the importance of the "receptivity threshold," which embodies a number of technical, social, 
economic, and political factors; the interrelatednesses of technologies; the agricultural founda-
tion for industrial growth; the significance of the "people factor"; and the need for realistic 
appraisal of industrialization's impact in order to avoid "culture shock." 
*** * ** 
I assume that technology is knowledge. Although technology deals with devices, products, 
and techniques, only a moment's reflection is required to realize that these are products of the 
human mind and ingenuity-that they are concrete manifestations of knowledge. Neverthe-
less, many humanists deny its intellectual content. They extol the products of philosophers, 
poets, dramatists, novelists, and the artistic merits of painters and sculptors as if these possessed 
higher thought content than do technological artifacts. Perhaps their position derives from the 
fact that our "high culture" is so largely dependent upon the written word; the scholars who 
set our intellectual and aesthetic standards are usually word centered, not artifact oriented. 
But, technology, too, depends upon ideas. Technologists and engineers express them-
selves with wheels, gears, and cogs; in structures and machines; in assembly lines and proce!?sing 
techniques; in plastics and electronic circuitry. These are products of human knowledge 
and creative imagination-hand and mind working together. Technologists may perceive 
things differently and express themselves otherwise-than do, say' poets and essayists; yet their 
artifactual expressions require perception and thought. 
Technology is a specialized form of knowledge, to be sure, but it is knowledge nonethe-
less. Our dim awareness of this is expressed when we use the term "know-how" in order to 
describe technology. That tells us that the technologist possesses special knowledge of how 
to make and do things. 
Our problem, then, is how this knowledge is to be transferred from the industrialized 
nations to those countries which require modernization in order to meet the survival needs of 
their burgeoning populations and provide them with some hope for material betterment in the 
future. 
1 This paper was presented at the Symposium on Technology, Modernization, and Cultural 
Impact, Iowa State University, Ames, Iowa, May 8 to 9, 1974. 
2 Calloway Professor of the History of Technology, Georgia Institute of Technology, Atlanta, 
Georgia. 
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We begin, therefore, by distinguishing three phases of international technology transfer-
( a) material, (b) design, and (c) capacity. The first phase is characterized by the simple trans-
fer or import of machines, materials, and techniques associated with those materials. This is 
transfer of the technological artifact itself; it is not so much a transfer of knowledge as it is 
the result of knowledge. The receiving country is merely a passive consumer of the knowledge 
produced by others, and it cannot reproduce that knowledge. 
In the second phase technology is transferred primarily through design elements-blue-
prints, formulas, books, etc. Foreign items are imported in order to copy their designs; the 
recipient nation can begin to produce domestically the artifacts formerly imported in the 
material phase. Nevertheless, it still remains dependent upon technological knowledge 
produced elsewhere. 
The third phase-the capacity phase-occurs through the transfer of scientific knowledge 
and technical expertise. Its effect is to create the capacity not only for producing locally 
adapted technology according to prototypes from abroad, but also to develop the ability to 
industrialize further on their own. Here it is active knowledge and expertise, rather than de-
vices themselves or designs for them, which are being transferred. 
The "brain drain," which has received so much attention, derives its importance from its 
effect upon the transfer of technological capacity. The outflow of trained personnel from 
developing countries impairs the capacity to achieve industrial progress because it depletes 
them of trained scientific and technical manpower. Ironically, the United Nations Committee 
on Science and Technology for Development points out that the outflow of trained personnel 
occurs mainly from industrially backward nations, while the chief recipients of the inflow are 
the industrialized nations-the ones who already possess technological capabilities. 
These three phases-material, design, and capacity-can overlap. A nation can be at the 
the point of capacity transfer in one type of technology while still in the material or design 
stages of others. 
Analysis in terms of these phases helps us define what is being transferred. However, in 
order to understand the complicated process of transferring different types of technical 
knowledge, we must look at the socio-political-economic mechanisms whereby transfer is 
effected. In other words we must look not only at what is being transferred but how it is 
done. 
I find three basic modalities of industrial development in history. One is the imitative 
model; the second, autarchic; and the third a mixed, or eclectic, model. 
In political terms the imitative is the colonial model, exemplified in the history of 
imperialism, and involving the direct trartsfer of material artifacts. The imperialist masters, 
bringing their own management and technology to their colonial possessions, made little 
effort to develop the receptor country or its manpower. Employing the natives primarily as 
hewers of wood and drawers of water, they exploited the colonial model very well, but 
developed it poorly. 
Parenthetically, today's multinational corporations are sometimes accused of representing 
this colonial model. That is not universally true. Multinational corporations can-and have-
participated in all three phases of transfer-material, design, and capacity. But we do not yet 
have sufficient historical experience with the multinationals to derive any generalizations re-
garding their contributions to industrial modernization. 
It is not sii.rprising that when colonial areas achieved their independence, they reacted 
against the imitiitive model and sought to modernize themselves free from foreign influence. 
The drive for economic self-sufficiency, as a counter-part of political independence, took 
precedence over economic and technical realities. Although the natives worked with will and 
enthusiasm, the necessary planning and the all-important linkages of the market (skills, transpor-
tation, and the like) were missing. Frequently the results were economic chaos, social disinte-
gration, and a political shambles in those countries that sought to go it alone. 
A recent example of this autarchic approach occurred at the UN General Assembly's 
special session on raw materials held recently when Algerian President Boumedienne suggested 
that the developing nations nationalize all their natural resources, claiming that state owner-
ship ofresources "has become a fundamental prerequisite of economic development." Neither 
logic nor history bears out President Boumedienne's point. Merely changing the ownership of 
natural resources does not provide a nation with more or better technology-neither in the 
materials, design, or capacity transfer phases. It is certainly not a "fundamental prerequi-
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site," although such nationalization might indirectly assist modernization by providing funds 
for the development of education and an industrial infrastructure that would facilitate the 
attainment of capacity transfer. That is a theoretical possibility, but the history of those 
countries that have nationalized natural resources in the past two decades does not show that 
the theory is always successfully translated into the fact of industrial modernization. 
On the other hand the efficacy of the mixed model of technology transfer is borne out 
by the history of those nations that have industrialized successfully within the past 150 years. 
The mixed, or eclectic, model is one where the receptor nations enlist outside technical aid 
while seeking to do something for themselves. It can involve the three phases of transfer-
material, design, and capacity-all going on at the same time. 
My models are the great leaps from underdevelopment to industrialization made by the 
United States, Russia, and Japan. In those countries the acquisition of industrial technology 
occurred in differing political, economic, and social contexts; yet certain principles emerge 
from consideration of these three widely varying historical experiences. 
Some might be surprised to find the United States listed as a model, because we tend to 
think of the United States as it is today-the industrial giant among nations. Yet, for most of 
its history, the United States was an underdeveioped area possessing potentially great natural 
resources, but reliant upon technology imported from abroad, primarily from Britain. 
The transfer of British technology to the United States began with the settlement at 
Jamestown, in 1607, long before the industrialization of Britain itself. This was a craft tech-
nology, easily exportable, being merely a transfer of skills and processes from one place to 
another, usually by the migration of a craftsman with his own simple tools. The vital thing 
was the skill-technical capacity embodied in the minds and hands of a skilled workman. 
However, for large-scale technologies, such as ironworks, the American colonies remained at 
the level of material, and sometimes design, transfer. 
When the American revolution took place, political independence from Britain did not 
carry tech:::lological independence with it. Instead, the young United States remained coloni-
ally dependent upon the British for the new industrial technology that was emerging. 
However, transfer of the new metallurgical and power technologies from Britain to the 
United States was not done imitatively. Instead, there had to be selectivity of techniques and 
adaptations to fit the differing resource endowments and needs of the new world. Introduc-
tion of steam power and the new metallurgy required the importation of British workmen 
familiar with the new machines and processes; both required adaptation. For example, the 
steam engine was first applied primarily to transportation in the United States, instead of 
mine pumping and running factories as in Britain; hence American engineers had to change 
the steam engine as imported from England, developing high-pressure and expansion engines. 
Adaptation to peculiar American conditions also accounts for the development of the 
"American System of Manufactures," involving specialized, precision machine tools to make 
interchangeable parts. The shortage of skilled workmen stimulated New England machine-tool 
makers to build the skill into the machine itself. Out of this and other factors grew 
America's mass-production capacities, which were to lead it to industrial primacy and trans-
form it from a borrower to an initiator of technology, from transferee to transferer. 
Russia is another case in point. When Soviet historians after World War II began claim-
ing Russian "firsts" in inventions, Western historians scoffed. Further investigation, however, 
has revealed the formal validity of these Soviet historical boasts. Yet, though first with many 
inventions, Russia lagged behind the West in industrialization throughout the 19th century. 
The reasons must be sought in its social, political, and economic climate. The Russians 
were simply unable to take advantage of such innovations as Polzunov's steam engine and 
Popov's wireless telegraphy because of a socio-political system that was inimical to industrial 
growth, the low level of education, the lack of a free labor force and strong entrepreneurial 
group, and an official policy of religious and cultural obscurantism. 
The ideological difficulties were not overcome until the advent of the Bolshevik regime 
in 1917. Then Russia obtained a government that was determined to industrialize and wisely, 
if ruthlessly, destroyed many of the institutional, legal, political, social, and cultural obstacles 
to an industrial outlook. 
The Soviet process of industrialization was uneconomic in many respects. Centralized 
planning, in the absence of a market mechanism, led to waste and shortages, as well as human 
costs. 
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Yet, while the Bolshevik regime bitterly denounced foreign imperialists, the Russians 
welcomed capitalist technology, importing foreign technicians to teach them how to do 
things, and imitating Western products, plans, and processes. Here was a mixture of both 
material and design transfer. 
American engineering firms built great dams and industrial complexes in the 1920's and 
1930's in the Soviet Union. But the Russians took care not to become colonially dependent 
upon American technology. When, for example, the Ford Motor Company agreed in 1929 to 
construct a car and truck factory at Gorky, on the Volga, dozens of Soviet engineers went to 
Detroit to observe Ford's production methods, while hundreds of Americans, including the 
late Walter Reuther, were sent to Russia to install machinery and to guide the initial production 
efforts. Once the factory began producing :Model A Fords, under a Russian name, the con-
nection with Ford ended and everybody went home. 
Tractors provide another illustration of the transfer of mechanical technology from the 
United States to the Soviet Union-from material through design to capacity phases. In 1924 
only 1000 tractors were operating in all the Soviet Union; a decade later, more than 200,000. 
Approximately half of this total had been imported, mostly from the United States, represent-
ing the direct transfer of the artifact itself. But concurrently the Soviet Union was developing 
the ability to produce its own tractors. In 1924 it produced only 17 tractors; by 1934, ap-
proximately 100,000. This was design transfer, for the early Russian tractors were direct 
copies of American models, primarily Fordson and International Harvester. As with the 
Model A Fords, the Russian tractor plants were designed and constructed by Americans. 
Russian technical teams visited the United States, and American foremen went to Russia to 
train the workers and help run the new plants. By the middle 1930's the Russians were pro-
ducing copies of American tractors in plants designed by Americans, built under American 
supervision, and operated initially under American supervision. The Russians were thus able 
to acquire quickly the technical knowledge of tractor production,which had taken years to 
develop in the Uni.ted States. 
Autos and tractors demonstrate the Soviet ability in material and design transfer. But 
what about capacity transfer? 
In his study of Western Technology and Soviet Economic Development, 1945-1965, 
Antony C. Sutton downgrades the Russians on that count.Tracing various types of Soviet 
equipment to models of Western origin, he claims that the Russians simply scaled up machines 
and equipment from Western models but that they did not have the capacity to innovate. 
Indeed, Sutton claims that the Soviet Union cannot innovate successfully because its over-
centralized economic controls lack the flexibility and responsiveness of the Western market 
system. If wliat Sutton says is true, Soviet Russia would be doomed to permanent borrowing 
of advanced technology from the West. · Yet this would deny the historical fact that the Soviets 
were perfectly competent to develop their own H-bomb and certain other advanced industrial 
techniques. (I hesitate to use Soviet accomplishments in space as an example of Russian 
capabilities, because both America and Russia imported German technologists to help get 
their space programs moving.) 
The point is that both the United States and the Soviet Union have shown a willingness 
to acquire foreign technology and make it their own. Now the Soviet Union hopes to acquire 
advanced American technology by all means-material, design, and capacity phases all at once-
by buying the finished product, by buying the know-how and making the hardware at home, 
and by sending technical missions on investigative tours abroad. 
The Japanese example is as important as the Soviet, because it destroys two myths-(1) 
that industrial development is a Western monopoly, (2) that a complete break with past cul-
ture must be made in order to industrialize. We sometimes overlook this latter point in stressi°ng 
the dramatic switch from Japan's isolation under the feudal Tokugawa Shogunate to its opening 
to the West and the modern tendencies brought into play with the Meiji restoration in 1868. 
Emphasis on the contrast between feudal and modern Japan causes us to ignore the fact that 
the Meiji regime did not turn its back on traditional Japanese culture. On the contrary, it used 
these traditional elements in its efforts to adopt and assimilate Western industrialization in the 
shortest possible time. For example, although the feudal system was expunged, the Samurai 
feudal warriors were encouraged to take the leadership in industrial enterprise. Thus the most 
dynamic group in Japanese society maintained its dominant social position but realigned its 
objectives and methods; from it were drawn the heads of industrial and banking establishments. 
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Japan's older system had stressed the basic social value of devotion to the group. The 
new industrial order retained such values; Japanese family devotion was enlarged to include 
service to the paternalistic industrial corporation-and, of course, to the state. 
In addition to reorganizing society and redirecting traditional values toward industrial 
goals, the Japanese imported foreign technicians and sent Japanese students abroad. This 
exchange enabled them to soak up modern technology. From being mere imitators of simple 
material and design transfer, the Japanese developed the capacity for producing their own 
technology and for participating in international technology as an equal . 
Although the industrialization experiences of the United States, the Soviet Union, and 
Japan vary, certain points of similarity enable us to make some historical generalizations 
regarding technology transfer and industrial modernization. 
For one thing these examples demonstrate that the transfer of industrial technology is 
not simply a matter of material transfer-the importation of technical artifacts. More is 
necessary. 
Equally important, countries differ in their receptivity to industrial technology. Their 
"receptivity threshold" depends upon a host of factors, including financial and natural 
resources , the educational level of the population , a dynamic entrepreneurial group, and a 
political system willing and able to help. 
Receptivity also depends heavily upon the value system of the receiving society. In-
dustrial technology might be rejected entirely or adopted haltingly unless traditional habits 
and attitudes undergo change or the technology is somehow adapted to make it acceptable. 
American acceptance of British industrial technology was assured because the Americans, 
largely from the British homeland , shared the value system of Britain's burgeoning capitalism. 
In Russia, on the other hand, the Bolshevik regime attempted to transform society and make 
a peasant people embrace a materialistic ethic favorable to industrialization. Japan found it 
possible to redirect traditional values and social norms along industrial lines and strove to ob-
tain the best of both old and new. We sometimes find it difficult to understand why other 
cultures reject or resist an American acceptance of technology. We fail to recognize how 
unique and significant it is. 
The political environment is as decisive as the moral environment, which it helps shape 
and by which it is moulded. Soviet industrialization reveals both a strong determination of 
the government to achieve modernization and the effectiveness of centralized planning toward 
that goal. But collectivism is not the only means by which governments can achieve industrial 
modernization. Ever since Alexander Hamilton became Secretary of the Treasury in George 
Washington's Cabinet, the federal government of the United States has been dedicated to the 
encouragement of industry. Tariffs, taxes, subsidies, rate regulation, and a benign policy of 
laissez-faire toward business expansion served the same goals as the Soviet Union's more 
direct insistence upon industrial development. In Japan the government mobilized national 
energies, set the goals, promoted concentration in particular fields, and took on tax, fiscal, 
and legal measures to promote industrial modernization. 
The point is that governments must provide a favorable milieu-either by direct action 
or by being purposefully passive-for technological growth. One of the more hopeful signs 
for industrialization of the underdeveloped nations today is eagerness of their governments to 
industrialize; the quarrel is not over goals but over methods and policies that will best enable 
them to achieve that goal. 
Receptivity also depends upon efficient use of human resources, and this depends to a 
high degree on education. But not all formal education fosters industrial growth. In the 
Soviet .Union and Japan, educational programs-largely geared to vocational training-had a 
direct effect in acquisition of physical science and technology. In South America, however, 
where higher education has continued to stress legal and humanistic studies, institutional 
inertia and entrenched interests have hampered introduction of socio-technical changes. 
Our historical examples also teach us that there is no such thing as the "point transfer" 
of a technology. Technologies are interrelated. One does not simply transfer spinning or 
weaving from one country to another; spinning and weaving go together, and both require 
machinery involving a host of other technologies for building and maintaining the machinery, 
transportation for raw materials and finished products, and so on. Thus, a systems approach 
is essential for technology transfer. 
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Yet a systems approach does not mean that everything has to be done at once or in the 
same sequence. Instead, our historical models demonstrate different sequences for industrial 
growth, depending upon the selection of the technologies to be advanced and their adaptivity 
to native conditions. Technology transfer must partake of this flexibility. 
Others have already made the point that the selection of optimum technologies for 
modernization poses a complex problem for developing countries, varying with social, eco-
nomic, and cultural circumstances, and also varying according to resource endowments. I am 
merely reinforcing their point by insisting that we must regard technology as a cultural, social, 
economic, psychological, and political phenomenon and not simply as artifacts and processes 
if we are to understand the process of technological diffusion. Technology transfer is thus 
not simply a concern of engineers; it is a matter for sociologists, anthropologists, political 
scientists, economists-indeed, the whole range of academic disciplines- as befits a systems 
approach. 
Of the many other lessons that we can learn from the three historical models, I mention 
but two additional points. 
One is the importance of the "people element" in the acquisition of technology. In the 
United States, Russia, and Japan , industrialization was brought about not by simply importing 
material artifacts, not by reading books and articles, or importing blueprints and designs, and 
not by resorting to self-sufficiency. Instead, there were the comings and goings of people, 
machines, designs, until capacity transfer was achieved-at which point the transfer of tech-
nology became almost self-sustaining and full entrance into the community of industrialized 
nations was reached. Many participating in this symposium have been agents in the process of 
technology transfer. They embody the knowledge that is technology-moving about from one 
place to another and spreading that knowledge as they do. Parenthetically, while there is 
some dispute about the role of multinational corporations in industrial development, they 
promise to become a major instrument of technology transfer through the mechanism of 
people. 
My second point is the importance of an agricultural underpinning for industrial growth. 
Few people recognize that the classical Industrial Revolution was both preceded and accompa-
nied by an 18th-century Agricultural Revolution. The remarkable extension of agricultural 
production made it possible to feed the growing industrial workforce in the cities, and at the 
same time attracted workers from farms to provide the labor pool for new industries. 
American industrialization was likewise dependent upon great agricultural progress in 
science and technology. So was the Japanese. The Russians, perhaps because their ideology 
concentrated on the urban proletariat, have never been as successful in the field of agriculture, 
and their industrialization has been flawed thereby. But the lesson is nevertheless clear: 
agriculture is an integral part of industrialization, and progress in agricultural science and tech-
nology is a fundamental prerequisite for an effective transfer of industrial technology. 
All that I have said would seem to provide a very optimistic outlook for the transfer of 
technology to the less-developed nations. But my historical analysis merely provides recogni-
tion of the elements involved; it does not constitute a universal blueprint for action, for that 
must vary from country to country and from time to time. 
Yet our historical perspective has one final warning that I must mention. Modernization 
involves "culture shock," with the danger that underdeveloped nations will fall into our habit 
of assuming that industrial technology will solve all their problems. The "technological fix" 
by itself will not work in the developing countries any more than in the already-industrialized 
countries. 
The historical record illustrates how technological fixes provide only temporary relief 
and create new problems in their wake. We have a good example drawn from our own tech-
nological history. At the turn of the century, automobiles were regarded as a solution to the 
pollution, congestion, and safety problems created by horse-drawn transportation. That was 
at a time when, in New York City alone, horses deposited some 2 1h million pounds of manure 
and 60,000 gallons of urine in one day. The automobile promised cleaner, quieter, and more 
rapid transportation; but, as we know, pollution, congestion, and safety problems returned in 
an altered form as a result of large-scale use of the automobile. Technology obeys our com-
mands, and when our successful technology threatens us with disaster, we ameliorate the 
situation by still further technology, which in turn brings us again to catastrophe. The de-
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veloping countries should not regard technology as a panacea, but should view it critically. 
Starting from a preindustrial base, they can benefit by the lessons of the past, and can select 
appropriate technologies in order to avoid the kinds of problems that beset us. 
At the moment, of course, the problems of providing a bare subsistence to growing 
populations might make such a warning seem ridiculous. The developing countries are rightly 
impatient with our complaints about pollution on an international scale; they need all the 
technology they can get just to provide for the vital needs of their people. My warning is not 
meant to deter them from technology, but simply to advise them to choose wisely, lest they 
inadvertently plant the seeds for future problems that might derive from hasty or ill-conceived 
measures adopted under the pressure of present needs and circumstances. Blind acceptance of 
technology can be almost as dangerous as its blind rejection. This is not a plea for delay; it is 
a plea for the kind of wisdom that we have not always employed in allowing the unfettered 
growth of our technology in our own country. 
I am happy to be an historian of technology; it is an optimistic subject, for it leaves us 
with hope for the future. But that hope can only be fulfilled if we apply our technology with 
wisdom and forethought. May the modernizing nations learn from our mistakes and misdeeds 
as well as our accomplishments. 
*** *** 
CROSS-DISCIPLINARY APPROACHES TO 
PROBLEMS OF MODERNIZATION 3 
Wallace A. Russe/1 4 
ABSTRACT. American universities are organized along disciplinary lines with the department 
as the basic administrative unit. Societal problems do not correspond in any simple way to 
this structure. Cross-disciplinary programs are a device for focussing skill!! residing in various 
academic departments upon such complex problems. The impact -of higher education upon 
issues concerning modern technology in traditional societies may well depend upon the degree 
to which the administrative organization of cross-disciplinary programs of research and in-
struction in universities can itself be effectively modernized. 
****** 
3 This topic was presented at the Symposium on Technology, Modernization, and Cultural 
Impact, Iowa State University, Ames, Iowa, May 8 to 9, 1974. 
4 Dean, College of Sciences and Humanities, Iowa State University, Ames, Iowa 50010. 
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ROLE OF ENGINEERING SCHOOLS IN TRANSFERRING 
TECHNOLOGY TO DEVELOPING COUNTRIES 5 
Hugh H. Miller 6 
ABSTRACT. Since much of the ultimate responsibility of applying technology in both the 
developed and developing countries rests upon the engineer, an awesome challenge is placed 
on engineering schools in preparing engineering students to meet today's problems. 
Traditionally the United States engineering school has trained its students to apply prob-
lem solving methodologies in a milieu of high technology applicable to the United States and 
other developed economies. The question is now raised how useful is this training for students 
from the less developed countries (LDC's) or for United States students who will be working 
for international organizations in other countries. As pointed out by several persons, the 
simple transfer of technology generated here is not always "appropriate" or even acceptable 
in the LDC's. 
Consider the interdependence of the developing and developed societies. The "new" 
engineer working in this environment can no longer ignore the social aspects in his design 
criteria. In dealing with the LDC's, the engineer must deal with new parameters including the 
environment, the goals of the country in which he is working, and the use of resources-both 
human and material. 
5 This topic was presented for Mr. Miller by Professor Philip Hubbard, Vice President, Student 
Services and Dean of Academic Affairs, University of Iowa, Iowa City, Iowa 52242 at the 
Symposium on Technology, Modernization, and Cultural Impact at Iowa State University, 
Ames, Iowa 50010. 
6 Executive Secretary, Office of the Foreign Secretary, National Academy of Engineering, 
Washington, D.C. 
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Veterinary Microbiology 
MASTER'S THESES 
The anti-microbial activity of divinyl ether-maleic anhydride copolymer against 
Hemophilus somnus and infectious bovine rhinotracheitis virus 
HALLAMAN, KAREN ANN 
Statistics 
No thesis 
HALLIDAY, ALISON RUTH 
Town and Regional Planning 
The effectiveness of public transportation for the elderly in the Des Moines 
metropolitan area 
HALLIGAN, RONNIE DWIGHT 
Education (Guidance and Counseling) 
No thesis 
HALVERSON, FRANK THEODORE 
Agricultural Education 
No thesis 
HAMMOND, RONALD BRUCE 
Entomology 
Sequential sampling plans for the green cloverworm, Plathypena scabra, in Iowa 
soybeans 
HANSEN, JAMES NORMAN 
Statistics 
No thesis 
HARDINGER, ROWENA LINCOLN 
Home Economics Education 
Approaches to teaching nutrition to seventh-grade boys 
HARR, CANDICE CECELIA 
Journalism and Mass Communication 
A study of consulting firms and television newsrooms 
HART, KRISTINE MARIE 
Textiles and Clothing 
Styles of printed cotton fabrics in mailorder catalogs 1875 -1919 
HART, Sf ACY LEE 
Industrial Relations 
No thesis 
HAUSER, ANDREW VAN TIGER 
Mathematics 
No thesis 
HAWANA, SAMIR ABDUTATIF 
Education 
No thesis 
MASTER'S THESES 
HAYASHI, TAKAHITO 
Economics 
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A study on modern Japanese financial system, focusing on the "overdraft" phenomenon 
HAYS, DAVID BRUCE 
Physics 
No thesis 
HEATON, PAUL CURTIS 
Organic Chemist!)' 
The behavior of various substituted cyclopropylmethanols in partially aqueous 
solutions of eerie ammonium nitrate 
HECK, RICHARD JOSEPH 
Biomedical Engineering and Electrical Engineering 
Cardiac output determination by a computer implemented C02 rebreathing technique 
HELGERSON, OLE TERRENCE 
Forestry (Forest Biology) 
Survival, growth and physiological characteristics of Arnot bristly locust and Crandon 
hybrid poplar grown on toxic and nontoxic coal spoils 
HEMPHILL, NANCY MARIE LANDON 
Education (Guidance and Counseling) 
No thesis 
HERMAN, ROBERT ARTHUR 
Computer Science 
No thesis 
HERRIN, JOHN RICHARD 
Mechanical Engineering 
Sampling and chromatographic analysis of products from shock-induced pyrolysis of 
simple hydrocarbons 
HETZEL, STEPHEN WALTER 
Ind us trial Relations. 
Scope of judicial review of labor arbitration awards: A critical analysis 
HILL, MICHAEL KEITH 
Psychology 
Cultural stereotypes and discrimination in impression formation: Effects of sex, 
physical attractiveness, and task 
HILL, NANCY CAROLINE ELE 
Education (Guidance and Counseling) 
No thesis 
HILLMAN, RICHARD HARLAN 
Biomedical Engineering 
Development of a computer program to evaluate electric potentials for multiple 
electrode geometries in nonhomogeneous volume conductors 
HOFFMAN, PAUL STOKES 
Bacteriology 
The swarming of Proteus mirabilis: Formation of swarm cells and swarming 
HOLT, PAUL JOHN 
Industrial Education 
No thesis , 
HOPE, LUCIEN WELLBORN, Jr. 
Education (Guidance and Counseling} 
No thesis 
HOWELL, DARYL LUVERNE 
Wildlife Biology 
Chlorinated hydrocarbon insecticide residues in Iowa ring-necked pheasants 
HOYT, RICHARD CONRAD 
Nuclear Engineering 
Neutron activation analysis of a single crystal of rutile 
HUI, ANGELA KAI-SHUAN MAO 
Nutrition 
Effects of essential fatty acid deficiency on B-carotene utilization as modified by 
thyroxine in young rats 
102 MASTER'S THESES 
INADA, NATALIE N. 
Journalism and Mass Communication 
A comparison of the Des Moines Register's and the Los Angeles Times' editorial 
attitude toward Japanese Americans: 1942-1945 --
INMON, LLOYD EDWARD 
Fisheries Biology 
Feeding interaction between pelagic larvae of walleye, Stizostedion vitreum vitreum 
(Mitchill) and associated fish species in Clear Lake, Iowa 
ISAACSON, RICHARD KEN 
Agricultural Economics 
Marketing strategies for corn 
ISENHART, ROBERT JOSEPH 
Computer Science 
No thesis 
IWICK, RICHARD EDWARD 
Sociology 
Delinquent and status offender perceptions of role incumbents 
JACQUIN, ELAINE MARIE 
Mathematics 
No thesis 
JARGO, STEVEN MARTIN 
Mechanical Engineering 
Natural gas usage in the state of Iowa, 1964-1973 
JENSEN, RONALD EUGENE 
Sociology 
An evaluation of the accuracy of four postcensal population estimation methods for 
natural-decrease counties in Iowa 
JEPEWAY-DAVIS, JANET ARLEEN 
Education (Higher Education) 
No thesis 
JOHNSON, ROSS IRVING 
Zoology (Physiology) 
The effect of age, exercise, and exogenous thyroxine upon the seminal vesicle of the rat 
JORGENSON, RICHARD DEAN 
Wildlife Biology 
A serological and parasitological survey for evidence of toxoplasmosis in central Iowa 
wildlife 
JURDI, ISMAT NAJIB 
Structural Engineering 
No thesis 
KAHL, MARY RUTH LUNA 
Journalism and Mass Communication 
A study of reading speeds and reading preference between Roman and sans serif type 
KARIKARI, TIJVTOTHY JOE 
Agricultural Engineering 
Design of a model sewage disposal system for a village community in Ghana 
KEITH, AMY KATHRYN Mc VICKER 
Education (Guidance and Counseling) 
No.thesis 
KELLOGG, ROBERT LAVERNE 
Fisheries Biology 
Dieldrin contamination of channel catfish, invertebrates and minnows from the 
Des Moines River 
KIENLE, JOSEPH FREDERICK 
Education (Higher Education) 
No thesis 
KIM:, SHIN-AIE 
Textiles and Clothing 
Designing and constructing garments inspired by Korean traditional costumes 
MASTER'S THESES 
KINYON, JOANN HUELM_AN 
Veterinary Microbiology 
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Characterization of Treponema hyodyseneriae isolated from outbreaks of swine dysentery 
KINYON, LAWRENCE CLIFFORD 
Statistics 
No thesis 
KIRKEEIDE, RICHARD. LLOYD 
Biomedical Engineering 
Wall vibrations induced by flow through modeled arterial stenoses 
KLINE, DUANE 
Economics 
No thesis 
.KLINKNER, JOHN ANTHONY 
High Energy Physics 
No thesis · 
KNAPHEIDE, DONALD BROWN II 
Psychology 
The differential effect of cognitive complexity on rating accuracy at two levels of 
environmental complexity 
KNIGHT, RICKY DWAIN 
Statistics 
No thesis 
KNITTLE, KARL HOWARD 
Botany (Physiology) 
The effect of growth regulators on kernel maturation and the effect of harvest maturity 
on subsequent seedling vigor in maize 
KNUTSEN, KATHLEEN DONNELL PEDERSEN 
Education 
No thesis 
KOCH, WILLIAM FREDERICK 
Analytical Chemistry 
A value for the faraday 
KOHLER, VINCENT DEPAUL 
Journalism and Mass Communication 
The editorial attitude of the Washington Post in three presidential elections, with 
emphasis on the Watergate affair 
KOLARS, CARL LEE 
Agricultural Education 
No thesis 
KONGTONG, YODYING 
Economics 
No thesis 
KROENING, DARLANE PURICH 
Organic Chemistry 
Cycloaddition reactions of trans-{3- nitrostyrene 
KROGMEIER, KEVIN GEORGE 
Industrial Relations 
No thesis 
KUNTZ, LYLE KENNETH 
Chemical Engineering 
Heat content of liquid cerium by levitation calorimetry 
KUNZ, TIM:OTHY JOHN 
Mathematics 
No thesis 
KURATANA, AMARA 
Biophysics 
The isolation and preliminary characterization of the coccoliths of Hymenomonas 
carterae 
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KWONG, CHAK-CHUNG 
Computer Science 
No thesis 
LANGENFELD, MARGARET ANN 
Family Environment (Housing) 
Microbial numbers and soil removal from carpets in kitchens 
LAWS, CECIL WAYNE 
Education (Philosophy of Education) 
No thesis 
LAZEAR, FREDERICK RAYMOND 
Education (Educational Administration) 
No thesis 
LEE, DON KOO . 
Forestry (Forest Biometry) 
MASTER'S THESES 
Sampling techniques to estimate the distribution and q antity of hybrid poplar roots 
LEE, CHOONG-YUL 
Animal Breeding 
The importance of measuring feed consumption for an index of performance in chickens 
LEE, HENRY KWOK-LEUNG 
Electrical Engineering 
Sequential machine to check syntax of numbers 
LEGRAND, MARK STEPHEN 
Mathematics 
No thesis 
LENOCKER, BRYANT CRAIG 
Forestry (Administration and Management) 
No thesis 
LEPKE, PHYLLIS McELHENEY 
Journalism and Mass Communication 
Critical writing and the student journalist: Some suggestions for the implementation of 
an arts reviewing course in a department of journalism 
LEU, BYRON MILLER 
Animal Production 
Comparison of confinement, shelter and no shelter on steer performance 
LICHTENBERG, ROBERT RAY 
Metallurgy 
Electrotransport of interstitial solutes in titanium 
LONG, ELAINE CHISHOLI\lf 
Nutrition 
Effect of dietary fat source on 13-carotene utilization in young rats 
LOUGHRY, LAURA ECKBLOM 
Family Environment 
Morality as a part of family research 
LUCIDO, BARBARA LYNN MATOUSEK 
Computer Science 
MUSA : A language for music synthesis by digital computer 
LUND, NOEL JEAN KENNEKE 
Education (Guidance and Counseling) 
No thesis 
MABRY, JOHN WILLIAM 
Animal Breeding 
Response to individual selection for feed conversion in swine 
MACHACEK, RICHARD DEAN 
Zoology (Physiology) 
Influence of sulfur dioxide inhalation upon rat fetal development 
MACLAGAN, RONALD J . 
Education (Educational Administration) 
No thesis 
MASTER'S THESES 
MANSEN, DAVID JOHN 
Town and Regional Planning 
A development process for a social information system for metropolitan planning 
MANSOORI-ALISHAHDANI, IRAJ 
Education (Guidance and Counseling) 
No thesis 
MARONDE, DOREEN NELSON 
Journalism and Mass Communication 
What is she like? A study of feminine roles on Saturday morning children's television 
MARTIN, DENNIS BLAINE 
Analytical Chemistry 
Improved systhesis of the metallofluorochromic indicator Calcein 
MARTIN, JOHN MUNSON 
Plant Breeding 
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Epistatic effects for yield and four yield components in four types of maize (Zea mays 
L.} inbred lines 
MARTAN, SAID SAAD 
Economics 
No thesis 
MARTINSON, EVON ETHEL 
Education 
No thesis 
MASANG, BANTERNG 
Agricultural Economics 
No thesis 
MASSARANI, M. GHIAS 
Electrical Engineering 
Machining metal thin film resistors using Nd:YAG lasers 
MATHER, JOHN CHARLES 
Metallurgy 
Effect of hydrogen on the creep properties of vanadium, niobium, and molybdenum 
MAYNARD, LYLA SWAIN 
Child Development 
Achievement motivation and task persistence in preschool children 
McCORMICK, Gary Francis 
Statistics 
No thesis 
McDANEL,ROBERTJUDSON 
Industrial Education 
No thesis 
McMARTIN, WILLIAM JOHN 
Electrical Engineering 
Programmable control logic for a plasma display 
McMILLEN, FRANCES MARION 
Instih1tion Management 
Cost of use of permanent ware in a school food service 
MEANEY, GORDON NEAL 
Industrial Education 
No thesis 
MEINERS, JAMES HENRY 
Inorganic Chemistry 
Transition metal complexes of trivalent phosphorus ligands: X-ray structural studies of 
two phosphite complexes and the preparation and metal complexation of three chelat-
ing phosphonites 
MEYER, JOHN THOMAS 
Education (Guidance and Counseling) 
No thesis 
MICHELS, THERESE ANNE WALTER 
Analytical Chemistry 
Properties and synthesis of juglone 
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MILLER, CLAY ANDREW 
Agricultural Education 
MASTER'S THESES 
Experimental evaluation of the effectiveness of different methods of teaching truss 
rafter construction 
MILLER, JACQUELYN LORRAINE 
Industrial Relations 
No thesis 
MILLER, LARRY DEAN 
Journalism and Mass Communication 
An historical profile of the American Forces Radio and Television Service 
MOHLIS, CONNIE K. 
Wildlife Biology 
Land use and pheasant habitat in northcentral Iowa, 1938-1973 
MOHN, JAMES RONALD 
Animal Production 
No thesis 
MOJT AHED, AHMAD 
Economics 
No thesis 
MOON, NANCY JANE 
Food Technology (Bacteriology) 
Associative growth of Lactobacillus bulgaricus and Streptococcus thermophilus 
MOORE, PETER BURTON 
Physics 
No thesis 
MORITZ, THOMAS ERWIN 
Statistics 
The effects of scaling techniques on cluster analysis 
MORRIS, JENNIFER ELAINE 
Botany (Physiology) 
Effects of red and far-red light on temperature-dependent seedling development 
in soybean 
MOUNT, MICHAEL KELLY 
Psychology 
Defense mechanisms and discrepancies between expressed and measured interests 
MUELLER, PAULA D'ANNE 
Education (Higher Education) 
No thesis 
MULLINS, LYNWOOD SCHLEY 
General Graduate Studies (Geodesy and Photogrammetry) 
No thesis 
MUNDSTOCK, ELSA CRISTINA CONTRERAS 
Statistics 
No thesis 
MUNKSGAARD, LARRY ARNOLD 
Education (Educational Administration) 
No thesis 
NEEDHAM, THOMAS DUANE 
Animal Production 
No thesis 
NELSON, EUGENE LEE 
Animal Breeding 
A study of the growth parameters of cattle 
NELSON, ROBERT CLAYTON 
Electrical Engineering 
An electronic switching matrix for music synthesis 
NEMANI, NAGENDRA RAO 
Economics 
No thesis 
MASTER'S THESES 
NEMATBAKHSH, MANSOOR 
Economics 
No thesis 
NEVAREZ, MARITZA 
Chemical Engineering 
A thermodynamic model for the liquid-liquid extraction of cobaltous chloride 
complexes from aqueous hydrochloric acid solutions by tributyl phosphate 
NEVELN, GARY ARTHUR 
Electrical Engineering 
A digital differential analyzer incorporating medium scale integration transistor 
transistor logic 
NICKLIN, MICHAEL EARL 
Water Resources 
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The hydrogeology of the regolith aquifer supplying the Iowa State University well field 
NIMTZ, WILLIAM FRANK 
Computer Science 
No thesis 
NYGREN, BRUCE ALLAN 
Journalism and Mass Communication 
Subscriber viewing in cable television systems having different amounts of programming 
OBER, SHERMAN PHILLIP 
Education (Guidance and Counseling) 
No thesis 
O'BRIEN, EDWARD MICHAEL 
Biomedical Engineering 
A system to study amplitude and time quantized human speech 
OKAFOR, NDUKWE MANG 
Industrial Education (Vocational-Technical) 
Formulation of a topic outline in building construction for the comprehensive high 
schools in Nigeria based upon a survey of high school and area community college 
programs 
OJI, MICHAEL MADUKAEKU 
Industrial Education 
A study of selected industrial arts programs in eight high schools in Iowa 
OLSEN, STEPHEN BRADLEY 
Psychology 
Effects of need for achievement and reinforcement on performance of sixth grade males 
on an operant task 
OLSON, CRAIG LOUIS 
Water Resources 
Effect of chlorinated sewage effluent on the Iowa River, Marshalltown, Iowa 
OLSON, TilVIOTHY AANEN 
Animal Breeding 
An analysis of the inheritance of coat color in cattle 
ONGKANANANTLERT,ORAWAN 
Agricultural Economics 
No thesis 
ORANU,RAPHAELNNANWUBA 
Industrial Education 
Prevailing patterns and promising practices of industrial technology programs within 
industrial education departments 
ORF, GENE MICHAEL 
Analytical Chemistry 
Extraction of metal ions with N, N-disubstituted amides 
OTTE, HANS HELMUTH 
Statistics 
No thesis 
OYINLOLA, ADEYINKA K. 
Metallurgy (Mechanical Metallurgy) 
Strain distributions in hot rolled aluminum by photoplastic analysis 
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PALMER, ESTHER GALLANT 
Veterinary Anatomy (Microscopic Anatomy) 
No thesis 
PANATALONE, DAVID KELLY 
Electrical Engineering 
MASTER'S THESES 
Electric heat in the residential sector and the future winter peaks on an electric power 
system 
PARCEL, LYNN GALE 
Astrophysics 
Variations with heliocentric distance of the emission bands of comet Kohoutek 
PARKER, NORMAN NEIL 
Education 
No thesis 
PARSON, PATRICIA MARIONE LIVESAY 
Education (Guidance and Counseling) 
No thesis 
PARVIN-JAHROMI, KERAMATOLAH 
Statistics 
No thesis 
PATTEN, SONIA ELIZABETH 
Sociology (Anthropology) 
Religion, rationality, and rationalization an interpretation of a midwestern Unitarian 
Fellowship 
PATTERSON, MARY JOANNE 
Nuclear Engineering 
Uses of waste heatenergy from steam electric stations 
PAUL, CASSANDRA COLLEEN WALSH 
Zoology(Physiology) 
Levels of deoxyribonucleic acid, ribonucleic acid, and hydroxyproline in experimentally 
developed mammary glands of the rat 
PAUSTIAN, HAROLD HERMAN 
Nuclear Engineering 
Effect of steam voids on in-core detector response in boiling water reactors 
PAYNE, PHILIP MICHAEL 
Fisheries Biology 
Year class abundance of walleyes in Clear Lake, Iowa (1958-1974) with particular 
reference to fry stocking 
PELISEK, DENNIS MICHAEL 
Education (Educational Administration) 
No thesis 
PEREZ, ELVA ANGELICA 
Nutrition 
Vegetable acceptance by children in a Head Start Center 
PERSINGER, ARDELL LOUIS, Jr. 
Journalism and Mass Communication 
A persuasive and informative communication program based on audience analysis 
PETERSON, GEORGE ALAN 
Sanitary Engineering 
No thesis 
PHARES; ARTHUR JAMES 
·computer Science 
No thesis 
PHARES, THERESE BOWDRE 
Computer Science 
No thesis 
PHILLIPS, BYRON CLARENCE 
Animal Nutrition 
Evaluation of the energy value of feed ingredients for young swine 
MASTER'S THESES 
PHOEYGLIN, SURIN 
Statistics 
No thesis 
PIGO'IT, RUTH ANN 
Sociology 
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Family solidarity and leisure behavior: Group affective levels and their relationship to 
outdoor recreational patterns 
PINS, PHILIP JOHN 
Sanitary Engineering (Water Resources) 
Predicting stream water quality at Ames, Iowa, for advanced treatment methods using 
a mathematical model 
PI'IT, JOHN MICHAEL 
Soil Engineering 
In situ shear strength tester for coal and soft rock 
PO'ITS, GLENN THOMAS 
Economics 
No thesis 
POWELL, JOHN CRAIG 
Industrial Relations 
No thesis 
POWELL, LEANDRA SUSAN 
Chemical Engineering 
Analysis of a frequency response technique for estimating pulmonary blood flow 
PULLEN, CHARLES RUSSELL 
Mechanical Engineering 
Radial equilibrium solution loss associated with axial-flow pump off-design performance 
preduction 
QUICK, MICHAEL HARRY 
Inorganic Chemistry 
Organic cyanate, thioyanate and selenocyanate complexes of chromium and tungsten 
carbonyls 
RAMBERG, ERIC STUART 
Biochemistry 
Aminoacylation of 5-fluorouracil-containing transfer RNA from Escherichia coli 
RASMUSSEN, DAVID EUGENE 
Ceramic Engineering 
Carbon residues for basic oxygen furnace refractories 
RATANAPOL, JIT-UMPAI 
Journalism and Mass Communication 
Communication strategy in socio-economic development among Thailand's hill tribes 
REICH, RUSSELL OSBORNE, Jr. 
Civil Engineering (Geodesy and Photogrammetry) 
No thesis 
REICKS, ALLEN VICTOR 
Agricultural Engineering 
Design parameters of a smooth-flow soybean gathering mechanism 
RICE, GARY A. 
Sanitary Engineering 
Direct filtration of secondary effluent, backwashing and performance 
RICHARDS, DONALD EARL 
Mechanical Engineering 
Correlation of turbulent boundary-layer heat transfer on a flat plate in low supersonic 
Mach number flows with high wall cooling 
ROBERTS, JANET SAVERAID 
Education (Guidance and Counseling) 
No thesis 
ROBINSON, DOUGLAS WILLIAM 
Education (Guidance and Counseling) 
No thesis 
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ROBINSON, ROBERT BRUCE 
Sanitary Engineering 
Cost optimization of rural water systems 
ROBLES, JULIO CESAR 
Statistics 
No thesis 
ROEDER, DONALD RICHARD 
Botany (Aquatic Plant Biology) 
MASTER'S THESES 
Effects of crude oil on periphyton in the Trail River, Northwest Territories, Canada 
ROJAS, LUIS ALBERTO 
Horticulture 
No thesis 
ROSEN, DONALD ALAN 
Psychology 
The manipulation of vocal behaviors and perceived changes in the counseling relationship 
ROSILES-MARTINEZ, RENE 
Veterinary Pathology (Toxicology) 
Susceptibility of cattle given organic iodine and urea to respiratory disease and foot 
rot agents 
ROTH, ALLAN CHARLES 
Biomedical Engineering 
Effect of collateral and peripheral resistance on flow through arterial stenoses 
RUNNER, RICHARD CHARLES 
Education (Higher Education) 
No thesis 
RUSSELL, ALAN MARK 
General Graduate Studies (Physical Sciences) 
No thesis 
RYAN, CATHERINE MARGARET 
Child Development 
Field dependence in relation to parental availability 
SACK, THOMAS LEE 
Journalism and Mass Communication 
Family communication patterns revisited 
SM1ANI, AZIZOLLAH 
Structural Engineering 
Behavior and ultimate strength of columns with large initial crookedness 
SANDUSKY, KATHLEEN ANN 
Child Development 
Relationship between parental attitudes and behaviors 
SATTLER, DIANE M. PRENTICE 
Education (Curriculum and Instructional Media) 
No thesis 
SCHARA, JERALD WALTER 
Water Resources 
The investigation of organic chemical wastes using the electrolysis BOD method 
SCHMITTLING, GQRDON THOMAS 
Statistics 
No thesis 
SCHULER, DELORES JEANNE NORELL 
Botany (Aquatic Plant Biology) 
No thesis 
SCHULTE, BARBARA 
Sociology (Anthropology) . 
The Nineteenth Century ceramic industry at Coal Valley: Archeology of 13BN111 
(Noah Creek Kiln) 
SCHULZ, ROBERT STEVEN 
Sanitary Engineering 
Water use rates for rural water systems 
MASTER'S THESES 
SCHW ARZHOFF, ROBERT HAROLD 
Bacteriology 
The role of chemotaxis in the swarming of Proteus mirabilis 
SCOTT, ROBERT ALLEN 
Botany 
No thesis 
SECHOVEC,R.KIRBY 
Industrial Relations 
No thesis 
SELVA, STEVEN BLAINE 
Botany 
Biosystematic studies in Paspalum, group Plicatula, in Central America 
SEVERTSON, WAYNE EUGENE 
Education (Educational Administration) 
No thesis 
SHABAAN, MERV AT AHMED 
Institution Management 
Possible roles and responsibilities of the professional dietitian in the Sudan, with 
implications for curriculum development 
SHANKAR, V. S. VIJAYA 
Aerospace Engineering 
Numerical solutions for inviscid supersonic corner flows 
SHERIDAN, MONICA A. 
Plant Breeding and Cytogenetics 
Genetics and cytology of an unstable gene, Y18, in soybeans, Glycine max(L.) Merrill SHONROCK, DIANA DONNER 
Family Environment (Housing) 
Human values related to achievement of home improvements by use of market and 
nonmarket labor 
SIDDENS, JACK KENNETH 
Organic Chemistry 
The valance isomerization of 3,8-dimethylcycloocta-3,5, 7-triene-1,2-semidione and 
cis-1,6-dimethylbicyclo (4.2.0) octa-2, 4-diene-7,8-semidione 
SIMJ.VIERING, THOMAS JON 
Town and Regional Planning 
Consumer satisfaction with municipal services as a function of community size and 
growth rate 
SIMON, BARRY GEORGE 
Statistics 
No thesis 
SIROWY, WILLIAM H. 
Education (Adult and Extension Education) 
No thesis 
SrITHICHAIKASEM, SUTHAM 
Fisheries Biology 
Acute toxicity of 2,4-D-DMA and Emulsarnine E-3 to five species of fish 
SIUDYLA, EUGENE ALEXANDER 
Water Resources 
A hydrogeologic investigation of aromatic hydrocarbons in the aquifer supplying 
Ames, Iowa 
SMEDAL, KARSTEN OLAV 
Education (Higher Education) 
No thesis 
SMITH, CHARLOTTE IRENE 
Education (Adult and Extension Education) 
No thesis 
SMITH, ERIC LEON 
Forestry (Administration and Management) 
No thesis 
111 
112 
SMITH, JOHN PAUL 
Agricultural Economics 
A Lockset analysis of farm to plant milk assembly 
SOLA, JANET LYNN 
Psychology 
MASTER'S THESES 
Influences of cognitive tempo on hierarchical memory organization in children 
SOLOMON, ANN BETHEL STEWART 
Statistics 
No thesis 
SOLOI'~ON, GEETHA NALINI 
Family Environment 
Patterns of social interaction among rural elderly widows and their adult children 
SOLOMON, PATRICK LOUIS 
Soil Engineering 
No thesis 
SOMA, JEFFREY A. 
Animal Nutrition 
No thesis 
SOPER, JANNIS ESTHER 
Education 
No thesis 
SQUIER, LELAND DALE 
Soil Engineering 
Evaluation of chemically stabilized secondary roads , Linn County, Iowa 
SRIPRASERT, REVADEE 
Fisheries Biology 
Length-weight relationship of walleye, Stizostedion uitreum in Clear Lake, Iowa, 
1959-1973 
STAM, KENNETH WAYNE 
Education (Guidance and Counseling) 
No thesis 
STANLEY, CRAIG DEAN 
Agricultural Climatology 
The relationship of evapotranspiration to open pan evaporation throughout the growth 
cycle of soybeans (Glycine max (L.) Merr.) 
STEJSKAL, HELEN 
Home Economics Education 
Content of classes in human development and family for adults 
STEPHENS, MARK RANDALL 
Geology 
The shape of ground water contamination zones induced by solid waste disposal 
sites located on alluvial floodplains 
STERLING, MARY ELIZABETH 
Education (Educational Administration) 
No thesis 
STEWART, MARLA JO 
Education (Higher Education) 
No thesis 
STIGLICH, ARTURO JAVIER 
Mechanical Engineering 
Effect of surface roughness on the wear of high-density polyethylene 
STOW, SHIRLEY BATES 
Education (Educational Administration) 
No thesis 
STROM, BYRON MALCOLM 
Analytical Chemistry 
Chemiluminescent detection of metals in liquid chromatography 
STUEDEMANN, REED ALFRED 
Industrial Education 
No tliesis 
MASTER'S THESES 
SUPREDIT, PRASIT 
Agricultural Economics 
No thesis 
SWEET, ALAN FRANCIS 
Computer Science 
No thesis 
SWEET, ROGER KENT 
Education (Adult Education) 
No thesis 
SWENSON, EDWARD LAWRENCE 
Agricultural Engineering 
Development of a heat exchanger for an extruder (soybean) 
SWENSON, LYNN WARREN 
Education (Educational Administration) 
No thesis · 
SZYMCZUK, MICHAEL 
Statistics 
A statistical evaluation of a locally constructed teacher evaluation questionnaire 
TAYLOR, MARY SUSAN 
Industrial Relations 
No thesis 
TEETER, DORWIN DALE 
Education (Guidance and Counseling) 
No thesis 
TETENT A, UCHENNA OGBOGU 
Textiles and Clothing 
Effects of deodorants on perspiration odor retention and selected properties of 
polyester and polyester/cotton blend fabrics 
THOMAS, ELVIN ELBERT 
Animal Nutrition 
Predicting whole-body amino acid composition of cattle by analysis of the loin 
region following slaughter 
THOMAS, LINDA LEE HUISMAN 
Textiles and Clothing 
Standard budgets for household textiles for rural farm and urban families in the 
mid west 
THORIUS, JULIA MILES 
Institution Management 
Methodology for determining competencies needed by personnel to perform selected 
food production tasks 
TIRRELL, FREDERICK JOHN 
Psychology 
The relative efficacy of positive self-reward, negative self-punishment, and self-
observation in weight reduction 
TOENJES, CAROL MARTHA 
Psychology 
Changes in reading performance and eye-movements 
TOLLEFSON, MARK VERLIN 
Solid State Physics 
Thermomodulation on aluminum-magnesium alloys 
TOMASIEWICZ, DIANE MARIE 
Statistics 
A statistical investigation of the optimum limits for determining total bacterial 
plate counts 
TOME, JAMES JOEL 
Organic Chemistry 
The synthesis and photochemistry of 6, 7-diethylbicyclo [ 3.2.0] hepta-3,6-dien-2-one 
TOMHA VE, WILLIAM KARL 
Education 
No thesis 
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TORGERSON, HILLARD ROBERT 
Journalism and Mass Communication 
MASTER'S THESES 
The correlates of reporter performance and influence: A study of 1971 Iowa 
legislative reporters 
TULAYADHAN,VANNA 
Food Technology 
Effect of chlorine and low temperatures on survival of staphylococci on processed 
poultry 
TURNAGE, JANET JAMES 
Industrial Relations 
The effects of reward contingency and participative decision making on intrinsically 
and extrinsically motivating tasks 
UDOMSRI, CHOOSAK 
Statistics 
No thesis 
ULLRICH, MARTHA JANE LEO 
Education (Guidance and Counseling) 
No thesis 
ULLRICH, RICHARD DOUGLAS 
Forestry (Administration and Management) 
No thesis 
VAN DER KAMP, STEVEN WAYNE 
Education (Higher Education) 
No thesis 
VANDIVIER, ALFRED CURTIS 
Industrial Education 
No thesis 
VOCKE, ROBERT WAYNE 
Botany (Aquatic Plant Biology) 
Nutrient absorption in the aquatic macrophyte Elodea densa 
VOH, JACOB PADEINO 
Rural Sociology 
Relationship between socioeconomic characteristics and sources of information of 
Iowa farm operators 
VURDU, HASAN 
Forestry (Wood Science) 
No thesis 
WAGNER, DALE WILLIAM 
Education (Higher Education) 
No thesis 
WAGNER, JOHN HAZEN 
Education (Higher Education) 
No thesis 
WALKER, LARRY A. 
Economics 
No thesis 
WARE, DOUGLAS ROBERT 
Animal Production 
Chemical preservation of high-moisture corn 
WARNING, BARBARA CRAIG 
Journalism and Mass Communication 
The role of communication sources in the adoption of the "Mulligan Stew" 
TV series by elementary school teachers 
WATNE, NORMA LEE 
Education (Elementary Education) 
No thesis 
WATSON, DALE ANDREW 
Sanitary Engineering 
Production of low-turbidity wastewater by precoat filtration 
MASTER'S THESES 
WATSON, JUNE WALTER 
Home Economics Education 
Evaluation of food and nutrition concepts of Iowa youth in the expanded nutrition 
program using a slide-tape presentation 
WEBB, JEAN M. 
Education (Guidance and Counseling) 
No thesis 
WEINBECK, ROBERT STEPHEN 
Physics . 
Internal coversion coefficients in the decay of 9 1 Kr 
WEST, JAMES KENDRICK 
Veterinary Clinical Science (Reproductive Diseases) 
No thesis 
WESTCOIT, JOHN SHORLAND 
Horticulture 
The effects of high density plantings of green beans on growth response, yields, 
quality and economic returns in the Missouri River Valley of western Iowa 
WHEELER, ANTHONY JOSEPH 
Biochemist!)' 
Animal acupuncture: Mapping and anesthesia 
WHITE, JOSEPH RAYMOND 
Agricultural Education 
No thesis 
WIEBOLD, WILLIAM JOHN 
Crop Physiology and Biochemistry 
Heritability of net photosynthesis and related leaf characters in soybeans 
WIEMERS, CAL G. 
Botany (Aquatic Plant Biology) 
The diatom genus Diploneis in Iowa 
WINKELPLECK, JUDY MAE 
Education (Guidance and Counseling) 
No thesis 
WOLFE, DIANE ELIZABETH 
Journalism and Mass Communication 
The use of mass media by homemakers visited by Expanded Nutrition Education 
Program Aides in Taylor County, Iowa 
WOLTHOFF, RODNEY ALLEN 
Education (Guidance and Counseling) 
No thesis 
WOMACK, BARBARA ANN 
Child Development 
Children's foot response 
WOOD, KATHY LEE HUFFAKER 
Education (Guidance and Counseling) 
No thesis 
WULFEMEYER,KENNETHTIM 
Journalism and Mass Communication 
Designing and testing a self-instructional learning package on beginning broadcast 
news writing 
YANG, SHIE-SHIEN 
Statistics 
No thesis 
YEN, JENN-YUNG GEORGE 
Statistics 
No thesis 
YEOMAN, AMY ANN 
Education (Higher Education) 
No thesis 
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116 MASTER'S THESES 
YIP, SHUI MAN 
Biomedical Engineering 
Analysis of temperature changes during malignant hyperthermia in swine 
YOUNG, BILLIE DIANNE ASKINS 
Sociology 
Problems of appropriate units for the measurement of community attributes 
YOUNG, CHARLES LEE 
Education (Guidance and Counseling) 
No thesis 
ZARESTKY, PAULA McDONALD 
Education (Guidance and Counseling) 
No thesis 
ZBARACKI, JACQUELINE ANN 
Child Development 
Children's assessment of humor 
ZEMKE, R UfH ANN 
Child Development 
Reliability of attachment behaviors in female infants 
Zil'v11\/(ERMAN, BONNIE LYNN BERSON 
Psychology 
Effects of organization and instruction on free and cued recall in lower socioeconomic 
class fourth graders 
ZIOMEK, ROBERT LEON 
Education (History, Philosophy and Comparative Education) 
A psychometric analysis of the Ross Education Philosophical Inventory (REPI) 
ZIPRIN, YOLANDA BARSANA ACACIO 
Food Science 
Eating quality, nutritive value and safety of beef and beef-soy loaves cooked in 
microwave or in conventional ovens 
DOCTORAL DISSERTATIONS 
AGRAWAL, OM PRAKASH 
Electrical Engineering 
Applicability of buffered main memory to SYlVIBOL-IIR like computing structures 
ALAR ILLA, LUIS MANUEL, Jr. 
Electrical Engineering 
117 
Storage linking techniques for the automatic management of dynamically variable arrays 
ALLEN, ROBERT ENGLISH 
Analytical Chemistry 
Stripping voltammetry with collection. The determination of mercury 
ALLS, RALPH THOMAS 
Entomology 
The natural history of trivittatus virus in central Iowa 
ALQUIST, LARRY JAMES 
Nuclear Physics 
On-line gamma-gamma angular correlation studies or cascades in 90sr, 140Ba, and 140cs 
AMRINE, JAMES WESLEY, Jr. 
Entomology 
The topography of the exoskeleton of Cediopsylla simplex (Baker, 1895), 
( Siphonaptera:Pulicidae) 
AM:STEIN, CHARLES FREDERICK 
Bacteriology 
Identification of viruses in foods by immuno-election microscopy 
ASOK, CHATURVEDULA 
Statistics 
Contributions to the theory of unequal probability sampling without replacement 
AZARCON, JOSE A., Jr. 
Electrical Engineering 
The effects of surface roughness on wave-guide-mode propagation 
BAILEY, DONALD lVlAX 
Metallurgy 
A thermodynamic study of phase stability in the thorium-copper equilibrium system 
BARRENA, JUANITA CAROLYN 
Zoology (Physiology) 
Effect of adrenalectomy, pup removal, hypophysectomy and hydrocortisone acetate 
on mammary gland nucleic acid content in the near term pregnant rat 
BARRON, JOHN MILTON 
Education (Higher Education) 
The effect of teacher home visits on parental, faculty and student attitudes within a 
selected Iowa school distric.t 
BARTA, THOMAS ARNOLD 
Engineering Valuation 
Estimation of service life characteristics for the valuation of human resources 
BEKIROGLU, HALUK 
Engineering Valuation 
A shuttle system model based on two interdependent queues 
BELTZ, CAROLYN KAY 
Botany (Morphology) 
The influence of natural environmental conditions on the growth, distribution, and 
morphological expression of the carnivorous, aquatic plant Utricularia macrorhiza 
Le Conte, with light and electron microscopic observations of bladder ontogeny 
BENBOW, RALPH LAWRENCE 
Solid State Physics 
Optical properties of aluminum and some dilute Al-Mg and Al-Li alloys from 0.2 to 
3.0 eV at 4.2 K 
BENNETT, JERRY 
Molecular, Cellular, and Developmental Biology 
Ultrastructural and cytochemical studies on sperm-egg interactions of the horseshoe 
crab, Limulus polyphemus L. 
118 DOCTORAL DISSERTATIONS 
BERNAL, JAVIER 
Crop Production and Physiology 
Evaluation of carbohydrate reserves, yield and quality in three tropical grasses 
BERRY, EDWIN CLARK 
Entomology 
Effect of European corn borers, aphids, rootworm beetles, and leafhoppers on the 
yield of hybrid corn 
BIRCHETT, JOHN ROBERT 
Soil Fertility 
Plant-available and chemically extractable P in seleCted Iowa soil profiles developed 
in deep loess 
BOLKER, BARRY F. T. 
Solid State Physics 
Production of multicomponent thin films by rf cosputtering 
BOORAM, CHARLES VERNON, Jr. 
Agricultural Engineering and Sanitary Engineering 
Nutrient changes in the plant tissue, soil and applied effluent for a system using 
an anaerobic lagoon with recycled swine wastes 
BOSE,ANJAN 
Electrical Engineering 
Stability and compensation of systems with multiple nonlinearities 
BOURNE, GEORGE BERNARD 
Zoology (Physiology) 
Hemodynamics in the pink abalone, Haliotis corrugata (Mollusca, Gastropoda) 
BOWERMAN, BRUCE LEE 
Statistics (Operations Research) 
Nonstationary Markov decision processes and related topics in nonstationary 
Markov chains 
BRAYNARD, DALE W. 
Education (Educational Administration) 
The relationship of selected district, staff, and community characteristics to 
efficiency among Iowa public elementary schools 
BRINKMAN, MARSHALL ALLEN 
Plant Breeding 
Physiological and morphological explanations for a yield differential existing among 
isolines and recurrent parents of 9ats (Avena spp.) 
BUBOLZ, THOMAS ARTHUR . 
Sociology 
Effect of response set correction on attitudes used in the prediction of organizational 
behavior 
BUNDY, DWAINE STANLEY 
Agricultural Engineering 
Ionization control and particle size distribution of dust in swine buildings 
BURKE, FRANCIS PATRICK 
Physical Chemistry 
The electronic spectra of organic mixed crystals: azulene and the azaazulenes 
BURRELL, HARRY RICE 
BiochemiStry 
Protein-RNA interactions in the structure and function of the Escherichia coli ribosome 
BYRNES, KERRY JOSEPH 
Sociology,'. 
A construct of social action for small farmer agricultural development 
CALLAGHAN, JOHN OLIVER 
Sociology 
Indicators· of social development: Conceptual and methodological considerations in 
monitoring the health sector 
CANNATA, ROBERT FRANK 
Electrical Engineering and Biomedical Engineering 
Spectral analysis of biological signals using coherent optical techniques 
DOCTORAL DISSERTATIONS 
CARD, ROGER JOHN 
Organic Chemistry 
The reaction of arenetricarbonylchromium complexes with alkyllithium compounds 
CHAN, TE-CHANG 
Nuclear Engineering 
Neutron penetration using the transfer matrix method 
CHAND, LAL 
Statistics 
Some ratio-type estimators based on two or more auxiliary variables 
CHEN, CARL CHI.JIAU 
Economics 
Quadratic programming models of United States agriculture in 1980 : With alternative 
levels of grain exports 
CHIAMCHAROEN,ANAN 
Rural Sociology 
Cooperative interaction and goal attainment among rural development organizations: 
A study in interorganizational relations 
CHOWDHURY, SHYAMAL ROY 
Economics 
Effects of rural industrialization on rural development in Iowa 
CHRISTENBURY, GERALD DAVIS 
Agricultural Engineering 
A photoelectric system for measuring mechanical damage of corn 
CHRISTENSON, CHRISTOPHER PAUL 
Organic Chemistry 
Hemi acetal aldehyde ammonia-interconversions and structures in the Amaryllidaceae 
alkaloids 
CHUNG, RICHARD FONG-I 
Statistics 
Geometrically regularly varying monotone functions and iteration 
COFFING, ARTHUR LEE 
Agricultural Economics 
PL-480 imports, the disincentive effect, and implications for development in Turkey 
DAMBE, GUNARS 
Economics 
Planning for more labor intensive and more productive agriculture in Colombia 
DE LA CRUZ, DANILO ORCILLA 
Organic Chemistry 
119 
Application of matrix isolation technique in organic synthesis I. Synthesis of deuterated 
cyclobutadiene II. Approaches to the synthesis of tetrahedrane 
DE LA CRUZ, RAMIRO 
Botany (Physiology) 
Weed seedling emergence depths under field conditions 
DE ROZAR!, MANUEL BLANTRAN 
Agricultural Climatology 
Flight and mating of the European corn borer, Ostrinia nubilalis (Huhn.): Response of 
the male and female moths to environmental conditions 
DELFS, RICHARD JOHN 
Solid State Physics 
Superconductivity and the Kondo effect in quench-condensed films containing cerium 
DERKSEN, DIRK VAN 
Zoology (Animal Ecology) 
A quantitative analysis of the incubation behavior of the Adelie Penguin (Pygoscelis 
adeliae) 
DILL, HARVEY THEODORE 
Economics 
The redistributive effects of inflation: An empirical study 
DOBRZYNSKI, EDWARD DAVID 
Inorganic Chemistry 
Synthesis and reactions of organometallic complexes of platinum and palladium 
120 
DOl\/IBECK, BERNARD DUANE 
Inorganic Chemistry 
Thiocarbonyl complexes of chromium and tungsten 
DUNN, ROBERT JOSEPH 
Psychology 
DOCTORAL DISSERTATIONS 
Lay counselor training: The comparative effects of th ree counselor training techniques 
on reflection of feeling 
DY REYES, FELIX ROBLES, Jr. 
Economics 
A test of the direction of causation between money and income in Canada, Japan and 
the United States 
EAGLES, HOW ARD ALAN 
Plant Breeding 
The heritability and environmental specificity of adaptation parameters for grain and 
straw yields of oats 
ELLINGSON, WAYNE ROGER 
Plant Breeding 
The relationship between morphological and reproduct ive characters and seed yield 
in ~andomly selected lines of soybeans 
ESHELMAN, FRANK RICHARD 
Metallurgy 
The single crystalline elastic constants of A12Cu and Zr2Ni 
EV ANS, JAIVIES DAVID 
Psychology 
The lag effect in free recall: Differential encoding or differential rehearsal? 
F ASEHUN, FESTUS EJILA YO 
Forestry (Forest Biology - Wood Science) 
Effect of light intensity on growth , photosynthesis and nitrate reductase in hybrid 
poplars 
FENNERN, LARRY EDGAR 
Nuclear Engineering 
Application of differential dynamic programming to nuclear fuel cycle optimization 
FLYNN, DONALD JOSEPH 
Education (Educational Administration) 
Hiring procedures of certified personnel in selected Iowa public schools 
GARDNER, RONALD EUGENE 
Education (Adult and Extension·Education) 
Perceptions of adult education in Iowa's area community colleges and vocational-
technical schools 
GASPER, JOSEPH KIRK 
Nuclear Engineering 
Subsurface void contrast by scanning electron microscopy: Theory and applications 
GEDGE, DAVE LEO 
Plant Breeding 
Influence of intergenotypic competition on seed yield of heterogeneous soybean 
lines, Glycine max (L.) Merrill 
GEORG, DENNIS DANIEL 
Computer Science 
Determitiing nonlinear projection subspaces 
GERDEEN, JOEL WALLACE 
Engineering Mechanics and Biomedical Engineering 
Mechanical impedance techniques applied to measuring the complex modulus of bone 
GILBERT, ARDYCE LUCILE 
Home Economics Education 
Change, over time, of judged competencies of home economics student teachers 
GILLHAIVI, MARTHA BETH 
Nutrition 
Behavioral, morphological, and biochemical effects of protein deprivation 
DOCTORAL DISSERTATIONS 
GJERST AD, DEAN HAROLD 
Forestry (Forest Biology - Wood Scie~ 
Photosynthesis, photorespiration, and dark respiration in Populus x euramericana: 
Effects of genotype and leaf age 
GLASCOCK, MICHAEL DEAN 
Nuclear Physics . 
Gamma-ray decay schemes for 9 1 Kr and 9 1 Rb 
GOEITERT, EDWARD JOSEPH 
Organic Chemistry 
Studies in valence isomerism of unsaturated paramagnetic species 
GOETZ, ROBERT CHARLES, Jr. 
Zoology (Physiology) 
Handling and field stress in a transplanted Fi ring-necked pheasant population as 
determined by corticosterone levels in plasma and adrenal glands 
GOODKIN, LOUISE 
Analytical Chemistry 
Characterization and analytical application of an a-hydroxy oxime resin for 
chromatography 
GOOLKASIAN, PAULA A. 
Psychology 
Selective attention, arousal, and the theory of signal detection 
GRESS, DONALD HERMAN 
Education (Educational Administration) 
Participatory leadership: Leadership characteristics of secondary school principals 
and their relationship to perceived subordinate participation in the decision-making 
process 
GUNDUZ, GUNGOR 
Nuclear Engineering 
Strong turbulence theory with propagator method and the moment equations for 
Tokamaks 
HAGEDORN, CHARLES, III 
Bacteriology 
An ecological and taxonomic survey of Arthrobacter isolates from Clarion-Webster 
toposeq uences 
HALLENBECK, DANIEL A. 
Education (Higher Education) 
An analysis of reported student satisfaction and student satisfaction as perceived by 
academic advisors and student affairs staff at Iowa State University 
HALLGREN, RICHARD CHARLES 
Biomedical Engineering and Electrical Engineering 
The effect of divalent cations upon the membrane potential of the crayfish 
giant axon 
HALVORSEN, JAMES RICHARD 
Education (Educational Administration and Evaluation) 
Development and testing of an instrument to measure the degree of implementation 
of Individually Guided Education processes 
HANNAMAN, GEORGE WILLIAM, Jr. 
Nuclear Engineering 
Reactor anomaly detection based on noise analysis 
HARTMAN, JOHN SWEENY 
Solid State Physics 
Radio-frequency size effect and the Fermi surface of aluminum 
HASKIN, DOUGLAS EDWARD 
Education 
The relation of selected television teaching methods to learner preference and 
achievement 
HELMS, JANET ELTESER 
Psychology 
Differential effects of prestructuring client's expectation of counselor empathy on 
client's anxiety and evaluation of the counselor using two types of analogues 
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HENDRICKS, REGINALD LYNN 
Psychology 
DOCTORAL DISSERTATIONS 
The effects of response format and internal versus external criteria measures on the 
evaluation of importance weighted models of job satisfaction 
HIDffiOGLOU, MICHAEL ARSENE 
Statistics 
Estimation of regression parameters for finite populations 
HILL, HOWARD THOMAS 
Veterinary Microbiology 
Comparison of cellular and humoral immune responses to rabies and Sindbis virus 
in mice 
HOEGEMEYER, THOMAS CHRISTIAN 
Plant Breeding 
Selection among and within full-sib families for the development of single crosses in 
maize (Zea mays L.) 
HOENIG, THOMAS MICHAEL 
Economics 
Commercial banking: Competition and the personal loan market 
HOLMES, DAVID PAUL 
Education (Educational Administration) 
Attitudes of public school officials and teacher representatives related to the Iowa 
public employment relations act 
HONG, SHUN-WU 
Mechanical Engineering 
Laminar flow heat transfer in ordinary and augmented tubes 
HORN, RICHARD JAMES 
Economics 
Population, land use, and income in a central place region 
HUTCHINS, DOROTHY LEE 
Child Development 
Effect of feedback on teachers' assessments of young children's status 
IVERS, DREW RUSSELL 
Plant Breeding 
Effectiveness of alternative breeding methods in cultivar development of soybeans, 
Glycine max (L.) Merrill 
JACOBOWITZ, MICHAEL 
Child Development 
Personality and demographic correlates of moral transgression and psychological 
defense among preadolescent children 
JOHNSON, REBECCA 0. 
Psychology 
"Relative Self-Evaluation," anxiety, probability of success, and Sullivan's theory of 
the interpersonal nature of personality 
JOHNSTON, TIM DAVID 
Economics 
Income potential of small farms in Guatemala 
JONES, JOHN RICHARD 
Zoology (Limnology) 
Eutrophication of some northwestern Iowa lakes 
KAUFMANN, PAUL JAY 
Education (Higher Education) 
Selected communication variables and their effect upon advisee satisfaction with 
adviser-advisee conferences 
KA Yffi, SAHIKA KANZANCIGIL 
Economics 
Planning for growth: The case of Turkey 
KEARNS, JAMES DAVID 
Chemical Engineering 
An analysis of droplet size distribution during monopropellant spray combustion 
DOCTORAL DISSERTATIONS 
KEPPY, DEAN ORVILLE 
Genetics 
An analysis of a cytologically aberrant recessive visible mutation at the Notch locus 
in Drosophila melanogaster 
KROGER, FREDERICK ROBERT, Jr. 
Solid State Physics 
The absolute thermal expansion of copper and aluminum between 5 K to 330 K 
LAlVlBERTON, CHARLES EL VIG 
Economics 
Localized technical progress in a dynamic theory of the firm 
LANGSRUD, THOR 
Food Technology (Bacteriology) 
Proline production by propionibacteria 
LASLEY, ERIC LOREN 
Electrical Engineering 
The qualitative analysis of composite systems 
LAVEGLIA, JAMES GARY 
Entomology 
Interaction of three Iowa surface soils with the organophosphorus insecticide Counter 
LEE, CHIH-HSIAO 
Electrical Engineering 
Stochastic control system parameter identifiability 
LEE, CHONG CHUN 
Electrical Engineering 
An interface processor for a high speed recirculating data network 
LEE, TERESA CHING-HAN 
Biochemistry 
Purification and structural studies of rabbit reticulocyte ribosomes 
LIFFERTH, DENNIS RAY 
Economics 
An economic analysis of alternative railbased grain distribution systems 
LINDAMAN, ARNOLD DAVID 
Education (Educational Administration) 
Relationship of selected IGE outcomes to student self-esteem and ability of 
elementary teachers to infer learner self-concept 
LING, JAU-NAN 
Mathematics 
Choice integrals, (LIR)-integrals, Gronwall inequalities and some results for the 
Stieltjes integral 
LO EBACH, DAVID VICTOR 
Chemical Engineering 
123 
The relationship between particle size and molecular weight in emulsion polymerizat ion 
LONG, JAMES ALLEN 
Zoology (Physiology) 
Effects of exercise and thyroxine on cholesterol and fatty acid synthesis in aging rats 
LYNCH, ROBERT EARL 
Entomology 
Pathogenicity of bacteria and fungi isolated from eggs and first-instar larvae of the 
European corn borer 
MAJI, CHAND! CHARAN 
Agricultural Economics 
Intertemporal allocation of irrigation water in the Mayurakshi Project (India): 
An application of deterministic and chance-constrained linear programming 
MARCANTONIO, ROBERT ALLAN 
Psychology 
The consistency of behavior: A study in Personal Construct Theory 
124 
MARTIN, HAR VEY DALE 
Education (Higher Education) 
DOCTORAL DISSERTATIONS 
An analysis of the impact of federal funds authorized by the 1963 Vocational Education 
Act, as amended, on program development in the area schools of Iowa 
MARTIN, MARVIN BRUCE 
Agricultural Economics 
An economic analysis of quality and grading in corn marketing 
MATJEKA, EDWARD RAY 
Organic Chemistry 
Part I: Mass spectrometry of organic azides and diazocompounds 
Part II: Transformations of a-organosilydiazoacetates 
Part III: Solvolysis of 2-ferrocenylcycloproplcarbinyl esters 
MAYER, VERNON FRANK 
Metallurgy 
Structure and properties of steels thermomechanically processed by impact extrusion 
MAX, TIMOTHY AARON 
Forestry (Biometry) 
Crown geometry, light interception and photosynthesis of selected Populus x 
euramericana clones: A modeling approach 
McCUTCHEON, EDWARD BARRETT 
Chemical Engineering and Mechanical Engineering 
Simulation and control synthesis for a pulse column separation system for Plutonium-
Uranium recovery 
McGILLIARD, MICHAEL LON 
Animal Breeding 
Predicting daughter milk production from dam index 
McINTOSH, WILLIAM ALEXANDER 
Sociology 
Social indicators for the monitoring of the nutritional aspects of societal well-being 
McMAHAN, MARY RUTH 
Zoology (Physiology) 
The effects of exogenous sex hormones on thyroid secretion rates and lipid mobilization 
in male rats 
MEEKER, JEFF B. 
Statistics 
The use of model information indicating more than one possible model 
MENNE, JOY MAXINE 
Psychology 
Dimensions of perceived importance of counselor competencies 
MILLER, GERALD AREY 
Soil Morphology and Genesis 
Soil parent material stratigraphy and soil development, Cedar County, Iowa 
MUENCH, LOREN OLIVER 
Education 
Assessment of the Safety Education Program at Iowa State University 
MURPHY, DICKIE RAY 
Economics 
Equality of educational opportunity and educational finance: A question of the 
applicability of the Serrano v. Priest decision 
NAGADEVARA, VISHNUPRASAD SSV. 
Agricultural Economics 
A modeling approach to the economic impacts of local environmental controls in 
Iowa and the rest of the country 
NEWSHAM:, LOUIS ROBERT 
Education (Higher Education) 
Selected characteristics and achievements of reverse transfer students in the Iowa Area 
Community Colleges and Vocational-Technical Schools 
NG, LU SIONG 
Economics 
An income distribution and employment consistency model of the Philippines 
DOCTORAL DIS SERT A TIO NS 
NGUYEN, LONG VO 
Computer Science 
Projection-based methods for solving systems of n nonlinear equations in n unknowns 
NIELSEN, RICHARD HOWARD 
Chemical Engineering 
Particle mixing and circulation in gas fluidized beds of flour and starch 
O'CONNELL, MARTIN JAMES 
Statistics 
Theory and. applications of concomitants of order statistics 
OH,KYEHWAN 
Solid State Physics 
Calculation of induced magnetic form factor of chromium 
OKORIE, JOHN UMOJI 
Agricultural Education 
The impact of agricultural education on farm production in Eastern Nigeria 
OLSEN, JOHN DEVERELL 
Physiology (Domestic animals) 
Cardiovascular responses associated with cold-induced periodic blood pressure 
elevations of cattle 
OLSON, DENNIS GENE 
Meat Science 
Postmortem physical and chemical events related to bovine skeletal muscle 
tenderization 
OPPENHEIMER, EDWARD PHILLIP 
Electrical Engineering 
Application of interval analysis to problems of linear control systems 
PAGOULATOS, ANGELOS 
Economics 
Major determinants affecting the demand and supply of energy resources in the 
United States 
PALMIERI, JAMES ROBERT 
Zoology (Parasitology) 
Host parasite relationships and intraspecific variation in the strigeoid trematode 
Posthodiplostomum minimum (Trematoda: Diplostomatidae) 
PAREKH,HARSHADJAGMOHANDAS 
Electrical Engineering 
Computation of electric fields for EHV and UHV transmission lines 
PARK, CHAN UNG 
Electrical Engineering 
Parameter identification of low-order boiler models for dynamic stability analysis 
PARK, LEROY HAROLD 
Education (Adult and Extension Education) 
A comparison of the effectiveness of two methods of teaching Human Resource 
Management I: Action-training and lecture-discussion 
PATANAKAMJORN,SOMPORN 
Entomology 
Biology of the tropical corn borer, Ostrinia furnacalis (GuenEfe), in relation to host 
plant resistance research 
PEPPER, GARY EUGENE 
Crop Production and Physiology 
The effect of leaf orientation and plant density on the yield of maize (Zea mays L.) 
PETERSON, WILLIAM CARL 
Applied Mathematics 
An iterative method for Fredholm equations of the first kind 
PINGER, ROBERT ROLAND, Jr. 
Entomology (Medical Entomology) 
Vector-host associations of Aedes trivittatus and their importance to the natural 
history of trivittatus virus in Iowa 
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POE, DONALD PATRICK 
Analytical Chemistry 
DOCTORAL DISSERTATIONS 
The spectrophotometric determination of dissolved oxygen and other uses of 
4, 7-dihydroxyl-1, 10-phenanthroline 
POROSOFF,GEOFFREY 
Psychology 
A validation study of instruments designed to measure irrationality 
PUNZO, FRED 
Zoology 
Effects of temperature, moisture and thermal acclimation on the biology of 
Tenebrio molitor (Coleoptera:Tenebrionidae) 
REDDY, l'v1ALIREDDY SRINIVASULU 
Food Technology 
Development of cultural techniques for the study of Streptococcus thermophilus and 
Lactobacillus bacteriophages 
REDICK, SHARON SMITH 
ifome Economics Education 
Selected characteristics of home economics teachers and programs for physically 
handicapped students 
REEHER, JOHN READSHAW 
Physical Chemistry 
A quadrupole mass spectrometer for the identification and characterization of 
neutral fragments formed by the interaction of gaseous molecules with electrons 
RAY, CARMEN ROSELLO 
Food Technology 
Numerical taxonomy and changes of the bacterial flora on frozen chicken 
RICHARDSON, JIMMY LARRY 
Soil Morphology and Genesis 
Exchangeable aluminum and acidity in loess soils of south-central Iowa 
RIDOLFO, ANTHONY SEATON 
Applied Mathematics 
Iteration matrices and convergence rates of projection methods 
RIGGLE, JOHN HOWARD 
Plant Pathology 
Histopathology of Peronospora manshurica on soybeans of varying degrees of 
resistance and on a nonhost 
ROBINSON, JOHN FRANK 
Entomology 
European corn borer: Components of plant resistance and concentrations of 
1,4-benzoaxazin-3-ones in corn 
ROSIELLE, ARNOLD ALBERT 
Plant Breeding and Cytogenetics 
Inheritance, heritability, and correlation studies on harvest index and related traits 
in oats (Avena sativa L.) 
ROTH, DOUGLAS DUANE 
Chemical Engineering 
Macromixing ar:id micromixing in a semibatch chemical reactor 
RUFFNER, JOHN WESLEY 
Psychology 
The effect of group discussion and shifting cue validities on human inferance 
behavior in a meaningful environment 
RUSH, RHONDA MARIE 
Inorganic Chemistry 
I. Electronic crystal spectra for tetraammineplatinum (II) tetrachloroplatinate (II), 
potassium tetrachloropalladate (II), and potassium tetrabromopalladate (II) 
II. Crystal structure of potassium tetrabromoplatinate (II) 
RYAN, STEPHEN OWEN 
Education (Adult Education) and Entomology 
A study of pesticide use, storage and disposal in Iowa 
DOCTORAL D ISS ERTATIONS 
SABLE, W. DANIEL 
Fisheries Biology 
RNA-DNA ratios as indicators of short-term growth in channel catfish 
SILVA, JOSE CARLOS 
Plant Breeding 
Genetic and environmental variances and covariances estimated in the maize 
(Zea mays L.) variety, Iowa Stiff Stalk Synthetic 
SINGH, INDERJIT 
Biochemistry 
N- and C-terminal amino acids of a-actinin and studies on the effects of a-actinin on 
F-actin 
SINHA, UDA Y KUMAR 
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